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[Name of Document] Spccification[Titlc of the Invention] Method for manufacturing 
a semiconductor device and laser irradiation apparatus 

[Scope of Claims] 
[Claim 1] 

A method for manufacturing a semiconductor device comprising the steps of: 

adding first noble gas to a semiconductor film formed over an insulating 
surface, and 

irradiating first and second laser light to the semiconductor film added with the 

first noble gas in an atmosphere of second noble ga3, 

wherein the first laser light has a wavelength of a harmonic, 

wherein the second laser light has a wavelength of a fundamental wave, and 

wherein a magnetic field is applied to the semiconductor film added with the 

fust noble gas when the first and the second laser light are irradiated. 

[Claim 2] 

A method for manufacturing a semiconductor device comprising the steps of: 

adding first noble gas to a semiconductor film formed over an insulating 
surface, and 

irradiating first and second continuous wave laser ligh t t o t he se mic o nd u ct o r 

film adde d with the first noble gas in an atmosphere of second noble gas, 

w herein the first laser light has a wavelength o f a harm o nic, 

wh e rein the second laser light has a wavelength of a fundamental wave, and 

wherein a magnetic field is applied to the semiconductor film added with the 
first noble gas in a direction perpendicular to the semiconductor film when the first and 
the second laser light arc irradiated. 

[Claim 3] 

A method for manufacturing a semiconductor device comprising the steps of: 

adding first noble ga3 to a semiconductor film formed over an insulating 

surface by an ion doping method, and 

irradiating first and second continuous wave laser light to the semiconductor 

film added with the first noble gas in an atmosphere of second noble gas, 

wherein the first laser l ight has a wavelength of a harmonic, 

wherein the second laser light ha3 a w avelength of a fundamental wave, and 

wherein a magnetic field is applied to the semiconductor film added with the 
first noble gas in a direction parallel to a scanning direction of the first laser light when 
the first and the 3ccond laser light are irradiated. 

[Claim 4 ] 

A method for manufacturing a semiconductor device comprising the steps of: 

adding first noble gas to a semiconductor film formed over an insulating 

surface by an ion doping method, and 

irradiating first and second continuous wave laser light to the semiconductor 

film added widi the first noble ga3 in an atmosphere of second noble gas, 

wherein the first laser light has a wavelength of a harmonic, 

wherein the second laser light has a wavelength of a fundamental wave, and 

wherein a magnetic field is applied to the semiconductor film added with the 
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first noble gas in a direction which is parallel to the semiconductor film and which is 
perpendicular to a scanning direction of the first la3cr light when the first and the second 
laser light arc irradiated. 

[Claim 5] 

A method for manufacturing a semiconductor device according to Claim 1 , 

wherein the first and the second laser light arc oscillated from continuous wave 

laser oscillators. 

[Claim 6] 

A method for manufacturing a semiconductor device according to any one of 

Claims 1 to 4, 

wherein the first laser light has a wavelength of a second harmonic. 

[Claim 7] 

A method for manufacturing a semiconductor device according to any one of 

Claims 1 to 4, 

wherein a beam spot of the first laser light is completely overlapped with a 

beam spot of the second laser light. 

[Claim 8] 

A method for manufacturing a semiconductor device according to any one of 

Claims 1 to 4, 

wherein the noble gas is He, No, Ar, Kr, or Xc. 

[Claim 9] 

A method for manufacturing a semic o nductor device according to any one of 

Claims 1 to 4, 

wherein a concentration of the noble gas is in the range of 1 x 10 4 * atoms/cnr 

to 1 x 1 0^ atoms/cm^ T 

[Claim 10] 

A method for manufacturing a semiconductor device according to any one of 

Claims 1 to 4 , 

wherein a magnetic flux density of the magnetic field is in the range of 1000 G 

to 10000 G. 

[Claim 11] 

A laser irradiation apparatus comprising: 

first and second laser oscillators, 

a first optical system for converging first laser light oscillated from the fir3t 

laser oscillator. 

a second optical system for converging second laser light oscillated from the 

second laser oscillator, 

a chamber equipped with a window for transmitting the fir3t and the second 

laser light, 

mcan3 for supplying ga3 into the chamber, 
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means for evacuating the chamber, 

a stage for mounting a processing object thereon, and 

means for applying a magnetic field to the processing object, 

wherein the first laser light has a wavelength of a harmonic, and 

wherein the second laser light has a wavelength of a fundamental wave. 

[Claim 12] 

A laser irradiation apparatus according to Claim 1 1 , 

wherein the first and the second laser oscillators are continuous wave laser 

oscillators. 

[Claim 13] 

A laser irradiation apparatus according to Claim 1 1 or 12, 

wherein the first laser light has a wavelength of a second harmonic. 

[Claim 14] 

A laser irradiation apparatus comprising: 

first and second laser oscillators, 

a cylindrical lens and a mirror for converging first laser light oscillated from 

the first laser oscillator, 

a cylindrical lens and a mirror for converging second laser light oscillated from 

the second laser oscillator, 

a chamber equipped with a window for transmitting the first and the second 

laser light, 

a noble gas supplying system in the chamber, 

an evacuating system in the chamber, 

a stage for mounting a processing object thereon, and 

a magnetic pole of a magnetic circuit for applying a magnetic field to the 

processing object, 

wherein the first laser l i ght ha3 a wavelength of a harmonic, and 

wherein the second laser light has a wavelength of a fundamental wave. 

[Claim 15] 

A laser irradiation apparatus according to Claim 1 4 , 

wherein the first and the second laser oscillators are continuous wave laser 

oscillators. 

[Claim 16] 

A laser irradiation apparatus according to Claim 1 4 or 15, 

wherein the first laser light has a wavelength of a second harmonic. 

[Claim 17] 

A method for manufacturing a semiconductor device according to any one of 

Claims 1 to 4, 

wherein a beam spot of the first laser light and a beam spot of the second laser 

light arc overlapped. 
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[Claim 18] 

A method for manufacturing a semiconductor device according to any one of 

Claims 1 to 4 , 

wherein the semiconductor film is added with the first noble ga3 by an ion 

doping method, 

[Claim 19] 

A method for manufacturing a semiconductor device comprising the step of 

irradiating first and second laser light to a semiconductor film formed over an insulating 
surface added with first noble gas in an atmosphere of second noble ga3, 

wherein the fir3t laser light has a wavelength of a harmonic, 

wherein the second laser light has a wavelength of a fundamental wave, and 

wherein a magnetic field is applied to the semiconductor film added with the 

first noble gas when the first and the 3ccond laser light arc irradiated. 

[Claim 20] 

A method for manufacturing a semiconductor device comprising the step of 

irradiating first and second continuous wave laser light to a semiconductor film formed 
over an insulating surface added with first noble gas in an atmosphere of second noble 

wherein the first laser light has a wavelength of a harmonic, 

wherein the second laser light has a wavelength of a fundamental wave, and 

wherein a m a gnetic field is applied to the semiconductor film added with the 

first noble gas in a direction perpendicular to the semiconductor film when the fir3t and 
the second laser light arc irradiated. 

[Claim 21] 

A method for manufacturing a semiconductor device comprising the step of 

irradiating first and second continuous wave laser light to a semiconductor film formed 
over an insulating surface added with first noble ga3 in an atmosphere of 3ccond noble 
g*ts, 

wherein the first laser light has a wavelength of a harmonic, 

— wherein the second laser light has a wavelength of a fundamental wave, and 

wherein a magnetic field is applied to the semiconductor film added with the 

first noble gas in a direction parallel to a scanning direction of the fir3t laser light when 
the first and the second laser light arc irradiated. 

[Claim 22] 

A method for manufacturing a semiconductor device comprising the step of 

irradiating first and second continuous wave laser light to a semiconductor film formed 
over an insulating surface added with first noble ga3 in an atmosphere of 3ceond noble 

gftSr 

wherein the fir3t laser light ha3 a wavelength of a harmonic, 

wh e r e in the second laser light has a wavelength of a fundamental wave, and 

wherein a magnetic field is applied to the semiconductor film added with the 

first noble gas in a direction which is parallel to the semiconductor film and which is 
perpendicular to a scanning direction of the fir3t la3cr light when the first and the second 
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laser light arc irradiated. 
[Claim 23] 

A method for manufacturing a semiconductor device according to Claim 19, 

wherein the first and the second laser light arc oscillated from continuous wave 

laser oscillators. 

[Claim 2 4 ] 

A method for manufacturing a semiconductor device according to any one of 

Claims 19 to 22, 

wherein the first laser light has a wavelength of a s e c o nd harmonic. 

[Claim 25] 

A method for manufacturing a semiconductor device according to any one of 

Claims 19 to 22, 

wherein a beam spot of the first laser light is overlapped completely with a 

beam spot of the second laser light. 

[Claim 26] 

A method for manufacturing a semiconductor device according to any one of 

Claims 19 to 22, 

wherein the noble gas is He, Nc, Ar> Kr, or Xc. 

[Claim 27] 

A method for manufacturing a sem i conductor device according to any one of 

Claims 19 to 22, 

wherein a concentration of the noble gas is in the range of 1 x 1 0 4 " 8 atoms/cnv * 

to 1x10 ^ atoms/cnr t 

[Claim 28] 

A method for manufacturing a semiconductor device according to any one of 

Claims 19 to 22, 

wherein a magnetic flux density of the magnetic field is in the range of 1000 G 

to 10000 G. 

[Claim 29] 

A method for manufacturing a semiconductor device according to any one of 
Claims 19 to 22, 

wherein the semiconductor film added with the first noble gas is formed by an 
ion doping method. 

[Claim 30] 

A method for manufacturing a semiconductor device according to any one of 
Claims 19 to 22, 

wherein a beam spot of the first laser light i3 overlapped with a beam spot of 
the 3ccond laser light. 
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BACKGROUND OF THE INVENTION 
[Detail Descriptio n !. Technical Field of the Invention} 
[0001] 

[Technical Field of the Invention] The present invention relates to a 

continuous wave laser irradiation apparatus utilized for crystallizing a semiconductor 
film. In addition, the present invention relates to a method for manufacturing a 
semiconductor device including a process for crystallizing the semiconductor film with 
the use of the laser irradiation apparatus. 
2. Descri ption of the Related Art 
[0002] 

[Prior Art] A thin film transistor using a polycrystalline semiconductor 

film (polycrystalline TFT) is superior to TFT using an amorphous semiconductor film in 
its mobility by double digits or more and has an advantage that a pixel portion and its 
peripheral driver circuit in a semiconductor display device can be integrally formed on 
the same substrate. 

[0003] The polycrystalline semiconductor film can be formed over an 

inexpensive glass substrate when a laser annealing method is employed. However, the 
energy of the laser light output from the oscillator fluctuates by at least a few percentage 
points due to the various reasons. This fluctuation prevents the semiconductor film 
from being crystallized homogeneously. When the crystallinity of the polycrystalline 
semiconductor film varies due to the inhomogeneous crystallization, the characteristic 
of TFT using the polycrystalline semiconductor film as its active layer such as on- 
current or the mobility also varies. 

[0004] For example, in the case of an active matrix light-emitting device with 

a light-emitting element and a TFT for controlling current supplied to the light-emitting 
element provided in each pixel, when the on-current of TFT varies, the luminance of the 
light-emitting element also varies accordingly. 

[0005] Moreover, when the semiconductor film is crystallized by the 

irradiation of the laser light in the atmosphere, the surface of the semiconductor film 
becomes somewhat rough. The higher the energy intensity of the laser light is, the 
rougher the surface of this semiconductor film becomes. The light is scattered to give 
more brightness in the region whose surface is rougher. Therefore, sometimes the 
striped light and shade are visible at intervals of several mm due to the energy 
fluctuation. 

[0006] It is noted that the state of the surface of the semiconductor film is 

closely related to the oxygen in the atmosphere when the laser light is irradiated 
according to the patent document 1 application shown below. 
[0007] 

[Patent document 1 ] Published patent application No. 2000-138180 (P. 3 - 

P.4) 

[0008] — The patent document 1 describes that the more oxygen the atmosphere 
contains, the rougher the surface of the semiconductor film crystallized with the 
irradiation of the laser light becomes. The patent document 1 application also describes 
to spray the semiconductor film with Ar when the laser light is irradiated. 
[0009] 

10008] When the surface of the semiconductor film becomes rough, interface 

state density at the interface between the semiconductor film and a gate insulating film 
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formed so as to contact the semiconductor film becomes high and the threshold voltage 
shifts to normally-off side. Therefore, when the state of the surface of the 
semiconductor film becomes uneven due to the energy fluctuation of the laser light, the 
interface state density at the interface between the semiconductor film and the gate 
insulating film formed afterward varies, which results in the variation of the threshold 
of TFT. 

[OO+OMflg] When the laser light having high absorption coefficient to the 

semiconductor film is employed, it is possible to crystallize the semiconductor film 
more effectively. The absorption coefficient depends on the material and the thickness 
of the semiconductor film. However, When a silicon film having a thickness from 
several tens nm to several hundreds nm which is usually used in the semiconductor 
device is crystallized by an excimer laser or a YVO4 laser, the second harmonic having 
a shorter wavelength than the fundamental wave is higher in absorption coefficient and 
thereby it is possible to crystallize more effectively. 

[Q04-H)Q10] For this reason, in order to enhance the efficiency of the 

crystallization, the wavelength is usually converted through a non-linear optical 
element. The laser light converted into the harmonic, however, tends to have lower 
energy compared with the case of the fundamental wave. For example in the case of 
Nd: YAG laser, the conversion efficiency from the fundamental wave (wavelength: 
1064 nm) to the second harmonic (wavelength: 532 nm) is approximately 50%. When 
the energy of the laser light decreases, the throughput in the crystallization also 
decreases, which results in the lowering of the productivity. 

f 004- 200 11 ] Moreover, since the non-linear optical element is easy to 

deteriorate due to the laser light and is inferior in endurance, when the energy of the 
fundamental wave is increased in order to obtain the laser light of the harmonic having 
high energy, it is necessary to do the maintenance frequently. Therefore, this is not 
preferable. 
[0013] 

{^Problem to be solvcd Solyed by the Invention 

10012] In view of the problem described above, it is an object of the present 

invention to provide a laser irradiation apparatus being able to suppress the unevenness 
of the crystallinity or the state of the surface of the semiconductor film and to perform 
homogeneous crystallization of the semiconductor film. It is another object of the 
present invention to provide a method for manufacturing a semiconductor device with 
the use of the laser irradiation apparatus being able to suppress the variation of the on- 
current, the mobility, and the threshold of TFT 

[00440013] Furthermore, it is an object of the present invention to provide 

a laser irradiation method and a laser processing apparatus having high throughput in 
view of the problem described above. 

SUMMARY OF THE INVENTION 

[Means for solving the problcm"1 00141 The energy density of the laser light is 
assumed to have a very close relation with the crystallinity of the semiconductor film. 
However, the present inventors considered that such a wide variation of the crystallinity 
as causing the visible variation of the luminance cannot be explained only with the 
fluctuation of the energy density by a few percentage points. Therefore, the present 
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inventors examined the secondary factor caused by the fluctuation of the energy density 
that affects the crystallinity. 

[QOf6 00151 The present inventors focused on a mixture of oxygen or 

nitrogen existing in the atmosphere into the semiconductor film melted by the laser 
light. 

fOO-F yO0161 The semiconductor film melted instantaneously by the 

irradiation of the laser light seems to be recrystallized at a comparatively rapid rate of 
several tens m/s when irradiated with the pulsed laser light, and several cm/s when 
irradiated with the CW laser light. Therefore, it is assumed that the impurities exist in 
the air dissolve in the semiconductor film more than the solubility in thermal 
equilibrium state. 

[004- 80017] The irradiation time of the laser light for crystallizing the 

semiconductor film also depends on the scanning speed, and in the case of using the 
pulsed laser light, the irradiation time of the laser light ranges from several to several 
tens ns. On the other hand, in the case of using the CW laser light, the irradiation time 
is comparatively long in the range from several to several tens t*s^£. Therefore, the CW 
laser light melts the semiconductor film longer than the pulsed laser light. For this 
reason, it is considered that the impurities in the air are easier to be mixed into the 
semiconductor film in the case of using the CW laser light. 

rOOf9 400181 The higher the temperature of the semiconductor film is, the more easily 
the impurities in the air dissolve in the semiconductor film, because the solubility of the 
gas increases. Therefore, it is assumed that when the heat given to the semiconductor 
film makes difference of elevation due to the fluctuation of the energy density, the 
impurity concentration in the semiconductor film varies. 

[002000191 Since the impurities such as oxygen or nitrogen mixed from 

the atmosphere are positive in segregation coefficient in the melted semiconductor film, 
they are easy to be segregated in the grain boundary at the time of recrystallization. 
This phenomenon is called grain boundary segregation and is more likely to be seen in 
the impurity whose solid solubility is lower. The segregated impurity such as oxygen or 
nitrogen is easy to combine with silicon to form the insulator such as silicon oxide, 
silicon nitride oxide, or silicon nitride. And the insulator segregated in the grain 
boundary prevents the carrier from moving in the semiconductor film and this causes 
the decreasing of the mobility. 

(003-1- 00201 Therefore, it is considered that the variation of the impurity 

concentration due to the fluctuation of the energy density causes the variation of the 
mobility of the semiconductor film. 

[0033ftfl21] Consequently, the present inventors tried to enhance the 

crystallinity by performing the following processes. Ar is doped in the semiconductor 
film before crystallizing it with the irradiation of the laser light, and then the 
semiconductor film is irradiated with the laser light in the atmosphere of Ar. It is noted 
that the element to be doped is not limited to Ar and any other zeroth group elements 
(noble gas element) may be employed. Moreover, when the laser light is irradiated, Ar 
is not always necessary in the atmosphere, and the gas of the zeroth group element or 
the gas of the zeroth group element added with hydrogen may be employed. The zeroth 
group element is appropriate in point of that the zeroth group element does not become 
a dopant because it is neutral in the semiconductor film, and that the zeroth group 
element is hard to form the compound with the element constituting the semiconductor 
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typified by silicon. Particularly, since Ar is inexpensive, the cost required for 
manufacturing a semiconductor device can be reduced. It is noted that not only an ion 
doping method but also an ion implantation method may be employed as means for 
adding the zeroth group element to the semiconductor film. 

[003^M22] The processes from doping Ar up to irradiating the laser light 

to the semiconductor film are performed in the load lock system chamber in order not to 
expose the semiconductor film in the atmosphere including oxygen. For example, with 
the manufacturing apparatus of the multi-chamber system including a chamber to 
perform the process to form a semiconductor film, a chamber to perform the process to 
dope Ar to the semiconductor film, and a chamber to irradiate the semiconductor film 
with the laser light, it is possible to perform a series of processes in order without 
exposing the semiconductor film to the atmosphere. 

[QO24 00231 The mass of the gas that can dissolve in a certain amount of 

liquid is in proportion to the partial pressure of the gas contacting the liquid. Therefore, 
when the semiconductor film is doped with Ar or the like in advance and then it is 
irradiated with the laser light in the atmosphere of Ar or the like, it is possible to prevent 
oxygen and nitrogen from mixing into the semiconductor film from the atmosphere 
effectively. 

[0O25M24] Therefore, it is possible to suppress the variation of the 

impurity concentration due to the fluctuation of the energy density, and to suppress the 
variation of the mobility of the semiconductor film. In TFT formed by using the 
semiconductor film, it is also possible to suppress the variation of the on-current in 
addition to the mobility. 

[0036M25] As described in the-patent document 1 . application No. 2000- 

138180. empirically, when the laser light is irradiated in the atmosphere including 
oxygen, the surface of the semiconductor film becomes rough. With the composition of 
the present invention, however, it is possible to suppress the roughness of the 
semiconductor surface due to the irradiation of the laser light and to suppress the 
variation of the threshold caused by the variation of the interface state density. 
[QQ2 7Q0261 In addition, when the semiconductor film melts, it is 

considered that a flow is generated in the semiconductor film due to the temperature 
gradient or the difference of the surface tension. The present inventors considered that 
the impurities such as oxygen or nitrogen mixed from the surface of the semiconductor 
film are distributed in such a way that the impurity is inclined locally due to the flow. 
The irregularity of the flow in the semiconductor film increases with the temperature of 
the semiconductor film. As a result, since the impurities are dissolved again 
microscopically in recrystallization, the interface between the solid phase and the liquid 
phase becomes inhomogeneous, and thereby the impurities are inclined irregularly. 
[0028] Consequently in the present invention, a magnetic field is applied to 

the semiconductor film when the laser light is irradiated in order to suppress the flow. 
Silicon is semiconductor in a solid phase. On the other hand, it is conductive material 
in a liquid phase. When the magnetic field is applied to the conductive material, the 
current is generated inside the conductor moving across the magnetic line of force 
according to Fleming's law, and the conductive material receives a force from a 
direction opposite to the moving direction by this current. As a result, the viscosity 
increases to suppress the flow. Therefore, the segregation of the impurities due to the 
flow can be suppressed and the variation of the mobility and the on-current can be also 
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suppressed. 
[0029] 

[00281 In addition, it is also considered that when the viscosity of the 

semiconductor film increases by applying the magnetic field, it is possible to prevent 
the impurities from mixing into the semiconductor film and to increase the mobility of 
the semiconductor film more. 
[0030] 

10029| It is noted that the magnetic field may be applied by electromagnetic 

induction with a coil or the like, or may be applied by a permanent magnet. As the 
permanent magnet, a neodymium magnet, a samarium-cobalt magnet, an anisotropic 
ferrite magnet, an isotropic ferrite magnet, an alnico magnet, a NdFeB bonded magnet, 
or the like can be used. 

[003400301 It is noted that in the present invention, the semiconductor 

film may be irradiated with the laser light after the catalyst element is added thereto so 
as to enhance the crystallinity. 

[003200311 Moreover, in the present invention, a first laser light 

converted into the harmonic, which is easy to be absorbed in the semiconductor film, 
and a second laser light having the fundamental wave are irradiated simultaneously to 
the semiconductor film in order to crystallize it. Specifically, the first laser light has a 
shorter wavelength than the visible light. 

[00320032] In the present invention, the first laser light converted into the 

harmonic which is easy to be absorbed in the semiconductor film is irradiated to melt 
the semiconductor film and to increase the absorption coefficient of the fundamental 
wave. When the second laser light having a wavelength of the fundamental wave is 
irradiated in such a state, the semiconductor film in which the absorption coefficient of 
the fundamental wave is increased absorbs the second laser light effectively, and thereby 
it is possible to enhance the throughput of the laser crystallization. 

[003400331 Since the wavelength of the second laser light does not need 

to be converted, it is not necessary to suppress the energy in consideration of 
deterioration of the non-linear optical element. For example, the second laser light can 
have 100 times or more output than the first laser light. Therefore, it is no longer 
necessary to do the troublesome maintenance of the non-linear optical element, which 
can enhance the total energy of the laser light absorbed in the semiconductor film and a 
larger crystal grain can be obtained. 

[00350034] It is noted that the number of laser light is not limited to two, 

and the number thereof may be two or more. A plurality of the laser light having a 
wavelength of the harmonic may be employed. In addition, a plurality of the second 
laser light having a wavelength of the fundamental wave may be also employed. 
[00360035] Furthermore, with the irradiation of the fundamental wave, it 

is possible to provide advantageous effects that the sharp fall in the temperature of the 
semiconductor film in the laser crystallization is suppressed and that the crystal grows 
so as to have a larger sized grain in addition to the advantageous effect that the energy 
of the harmonic is assisted. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0036] FIG. 1 shows the relation between the directio n of the magnetic line of 

force and the scanning direction of the beam snot and the substrate in the laser 
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irradiation ap paratus of the present invention. 

[0037] FI G. 2 shows the relation betwe en the direction of th e ma lefic line of 

force and the scanning direc tiQn_QfLthe beam spot and the substrat e in the laser 
irradiation ap paratu s of the present invention. 
[Embodiment Mode of the Invention] 

[0038 ] FI G. 3 show s the relati on between the direction of the magneti c line of 

force and the scan ning dir ection of the beam spot and the substrate in th e laser 

r00391 FIG. 4 shows the structure of the opt ical system in the laser irradiation 

apparatu s of the p resent invention. 

[0040] FIG. 5 shows tlie„s.trudure of the optical system in the lasexJrradiatimi 

apparatus of the prese nt invention. 

[0041 ] FI G. 6 shows the meth od for man ufacturing a semiconductor device. 

[0042] F IG. 7 shows the method for manufacturing a semiconductor device. 

[0043] FI G. 8 shows the method for manufacturing a semiconductor device. 

100441 FIG. 9 shows the structure of the las£i^ 

load lock s ysiemj±aipbeL 

[0045] FI G. 1 0 is _a„_j^£^ 

nianufactu^ 

[0046] FIG. 1 1 shows energyjj<msi^^ 

DETAILED DESCRIPTION OF THE PREFE RRED EMBOD IMENTS 

EMBI2DJMEKLMDDES, 
Embodiment Mode 1 

100471 A laser irradiation method of the present invention is explained with 

reference to FIG. 1. FIG. 1(A) shows an aspect in which a semiconductor film 101 
formed over a substrate 100 is irradiated with laser light. In the present invention, the 
semiconductor film 101 is doped with the zeroth group element which is hard to form a 
compound with the semiconductor and which is neutral in the semiconductor film so 
that it does not function as a dopant before the crystallization by the irradiation of the 
laser light. 

f003&00481 He, Ne, Ar, Kr, Xe, or the like is given as the zeroth group 

element to be doped. As well as the doping of P and B imparting conductivity to the 
semiconductor film, the zeroth group element can be doped by converting it into plasma 
and accelerating it with a porous electrode. Unlike P and B restricted legally, the gas to 
be doped does not have to be diluted with hydrogen and thereby the throughput is high. 
1003 ^00491 For example, in the case of Ar, Ar is doped so that the 

concentration in the semiconductor film ranges from 1 x 10 atoms/cm to 1 x 10 
atoms/cm 3 , preferably from 5 x 10 18 atoms/cm 3 to 5 x 10 20 atoms/cm 3 . The accelerating 
voltage affects the concentration distribution of Ar in a direction of the thickness of the 
semiconductor film 101. Therefore, the acceleration voltage is determined 
appropriately by the condition in which the concentration is made higher toward the 
surface side of the film, the concentration is made higher toward the substrate side of 
the film, or the concentration is made uniform all over the film. 

10040 00501 In addition, the semiconductor film 101 is irradiated with the 

laser light in the atmosphere of the zeroth group element described above. It is noted 
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that the zeroth group element doped in the semiconductor film and the zeroth group 
element used when the laser light is irradiated do not always have to be the same. 
[0044 -00511 It is noted that the laser light may be irradiated in the 

atmosphere of the gas of the zeroth group element added with hydrogen. In this case, 
the partial pressure of hydrogen is set in the range of 1 to 3%. 

[00420052] In FIG. 1(A), a reference numeral 102a denotes the first beam 

spot obtained by the first laser light having a wavelength of the harmonic irradiated to 
the semiconductor film 101. A reference numeral 102b denotes the second beam spot 
obtained by the second laser light having a wavelength of the fundamental wave 
irradiated to the semiconductor film 101. 

[004^0053] The first laser light or the second laser light is emitted from a 

continuous wave gas laser, solid laser, or metal laser. As the gas laser, an Ar laser, a Kr 
laser, a XeF excimer laser, a C0 2 laser, and the like are given. As the solid laser, a YAG 
laser, a YVO4 laser, a YLF laser, a YAIO3 laser, a glass laser, a ruby laser, an alexandrite 
laser, a Ti: Sapphire laser, and the like are given. As the metal laser, a helium-cadmium 
laser, a copper vapor laser, a gold vapor laser, and the like are given. 
[0044 0054] The wavelength of the first laser light is converted into the 

second harmonic to the fourth harmonic through the non-linear optical element. Since 
the wavelength of the harmonic depends on the kind of the laser for use, the harmonic is 
selected appropriately according to the laser. For example, in the case of Nd: YVO4 
laser (wavelength: 1064 nm), it is desirable to employ the second harmonic (532 nm) or 
the third harmonic (355 nm). Specifically, the laser light emitted from the CW YVO4 
laser is converted into the harmonic with an output of 10 W through the non-linear 
optical element. 

[004500551 It is noted that the non-linear optical element may be 

provided inside the resonator included in the oscillator or the resonator equipped with 
the non-linear optical element may be provided separately aside from the resonator of 
the fundamental wave. The former structure has an advantage that the apparatus can be 
made small and thereby the accurate control of the resonator length is not necessary any 
more. On the other hand, the latter structure has an advantage that the interaction of the 
fundamental wave and the harmonic can be ignored. 

[0046^0056] As the non-linear optical element, the crystal whose non-linear optical 
constant is relatively large such as KTP (KTiOP0 4 ), BBO (£fi-BaB 2 0 4 ), LBO (LiB 3 0 5 ), 
CLBO (CsLiB 6 Oio), GdYCOB (YCa40(B0 3 ) 3 ), KDP (KD 2 P0 4 ), KB5, LiNb0 3 , 
Ba2NaNb 5 Oi5 or the like is used. Especially, the crystal such as LBO, CLBO, or the 
like can enhance conversion efficiency from the fundamental wave into the harmonic. 
[00470057] It is desirable that the first laser light and the second laser 

light are TEMoo mode (single mode) obtained from the stable resonator. In the case of 
TEMoo mode, the beam spot is easily processed because the laser light has Gaussian 
intensity distribution and it is superior in light converging. 

[004 80058] The positions of the first beam spot 102a and the second 

beam spot 1 02b are controlled so as to overlap each other. Therefore, the part of the 
semiconductor film 101 irradiated with the beam spot 102a is melted by the first laser 
light and the absorption coefficient increases. For this reason, the second laser light is 
absorbed in the semiconductor film effectively in the part overlapped with the first 
beam spot 102a and the second beam spot 102b. Thus the throughput can be enhanced 
in the process of crystallization. 
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[004900591 It is noted that the first laser light and the second laser light 

do not always have to be emitted from the same laser. For example, the first laser light 
may be emitted from the Nd: YV0 4 laser generating the second harmonic having an 
output of 10 W, and the second laser light may be emitted from the YAG laser having an 
output of 30 W. Of course, the present invention is not limited to this combination. 
1006000601 When the substrate 101 is scanned to the direction indicated 

by an arrow of a continuous line, the relative positions of the first beam spot 102a and 
the second beam spot 102b to the semiconductor film 101 move. 

10064-00611 A reference numeral 103 denotes a magnetic pole of a 

magnetic circuit being able to apply a magnetic field to the semiconductor film 101, 
particularly to the part thereof overlapped with the first beam spot 1 02a and the second 
beam spot 102b. A magnetic line of force of the magnetic field generated from the 
magnetic pole 103 is shown with an arrow of a dotted line. 

[0053flM2] In order to clarify the relation between the direction of the 

magnetic line of force and the scanning direction of the substrate to the semiconductor 
film 101, FIG. 1(B) shows a top view of the semiconductor film 101, and FIG. 1(C) 
shows a cross-sectional view taken along a dotted line A- A' in FIG. 1(B). In FIG. 1, the 
scanning direction of the substrate 100 exists in the surface of the substrate 100 as 
shown with an arrow of a continuous line. The relative positions of the first beam spot 
102a and the second beam spot 102b to the semiconductor film 101 move to the 
direction indicated by the white arrow by the scanning of the substrate 100. 
[0053 4)063 1 The magnetic pole 103 is provided in the side of the substrate 

100 opposite to the side thereof irradiated with the laser light. And the magnetic line of 
force is directed to the surface of the semiconductor film 101 from the magnetic pole 
103. 

[0054 00641 It is noted that the surface formed with the semiconductor 

film 101 is not always perpendicular to the direction of the magnetic line of force. In 
the present invention, it does not lead to any problems as long as the magnetic 
component in which the direction of passing magnetic line of force is almost constant is 
applied in the part of the semiconductor film 101 overlapped with the first beam spot 
102a and the second beam spot 102b. 

[00550065] And the magnetic flux density in the part of the 

semiconductor film 101 overlapped with the first beam spot 102a and the second beam 
spot 102b is set in the range of 1000 G to 10000 G, preferably in the range of 1500 G to 
4000 G. 

[005 600661 FIG. 1 shows a case in which a surface formed with the 

semiconductor film 101 is perpendicular to the direction of the magnetic line of force in 
the part of the semiconductor film 101 overlapped with the first beam spot 102a and the 
second beam spot 102b. In this case, the scanning direction of the substrate 100 and the 
direction of the magnetic line of force are also perpendicular. The direction of the 
magnetic line of force, however, is not limited to that shown in the FIG. 1 . 
[Q05?0067] It is noted that in order to prevent the total energy of the laser 

light absorbed in the semiconductor film from being different in the part overlapped 
with the first beam spot 102a and the second beam spot 102b and in the part not 
overlapped, it is the most preferable that the first beam spot 1 02a is overlapped with the 
second beam spot 1 02b completely. In order to raise the proportion of the region having 
homogeneous energy density in the first beam spot 102a, it is desirable that the first 
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beam spot 102a has a linear shape, a rectangular shape, or an elliptical shape in which a 
ratio of the length of the major axis to that of the minor axis is five or more, 
f OQ5& 00681 In this embodiment mode, as shown in the FIG. 1(B), Wb, 

which is the length of the first beam spot 102a in the direction of its major axis, is made 
shorter than W ml , which is the width of the magnetic pole 103 in the direction of the 
major axis of the first beam spot 102a, so that the direction of passing magnetic line of 
force can be kept almost constant in the part of the semiconductor film 101 irradiated 
with the first beam spot 102a, more preferably in the part overlapped with the first beam 
spot 102a and the second beam spot 102b. 

\ 0059 00691 In the present invention, as described above, oxygen or 

nitrogen can be prevented from mixing into the semiconductor film effectively by 
doping Ar or the like in the semiconductor film in advance and by irradiating the laser 
light in the atmosphere of Ar or the like. Therefore, the variation of the impurity 
concentration due to the fluctuation of the energy density can be suppressed. Moreover, 
the variation of the mobility of the semiconductor film can be suppressed. And in TFT 
formed using the semiconductor film, the variation of the on-current in addition to the 
mobility can be suppressed. 

1096000701 As described in patent document 1 . application No. 2000- 

138180. empirically, when the laser light is irradiated in the atmosphere including 
oxygen, the surface of the semiconductor film becomes rough. However, when the laser 
light is irradiated in the atmosphere of Ar or the like, such roughness can be suppressed, 
and the variation of the threshold due to the variation of the interface state density can 
be suppressed. 

[0064-0021] Furthermore, when the magnetic field is applied to the 

semiconductor film at the time of laser irradiation, the segregation of the impurities due 
to the flow can be suppressed. By further applying the magnetic field, the viscosity of 
the semiconductor film can be increased, and thereby the impurities are prevented from 
mixing into the semiconductor film. As a result, it is possible to suppress the variation 
of the mobility and the on-current. 

1006200721 In addition, in the present invention, the semiconductor film 

is melted with the irradiation of the first laser light converted into the harmonic that is 
easy to be absorbed in the semiconductor film and the absorption coefficient of the 
fundamental wave is increased. When the second laser light having the fundamental 
wave is irradiated in such a state, the second laser light can be absorbed effectively in 
the semiconductor film in which the absorption coefficient of the fundamental wave is 
increased. Therefore, the throughput of the laser crystallization can be enhanced. 
[0063] 

{Embodiment Mode 2 

10021 1 This embodiment mode explains one mode of the present invention in 

which the magnetic field is applied to the different direction from that in the case of 
FIG. 1. 

[006400741 FIG. 2(A) is a top view of a semiconductor film 201 and FIG. 

2(B) is a cross-sectional view taken along a dotted line A-A' in FIG. 2(A). It is noted 
that a reference numeral 201 denotes the semiconductor film formed over a substrate 
200 in FIG. 2(A) and FIG. 2(B). 

1006500751 The scanning direction of the substrate 200 exists in the 
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surface of the substrate 200 as indicated by an arrow of a continuous line. In addition, a 
reference numeral 202a denotes the first beam spot obtained by the first laser light 
having a wavelength of the harmonic irradiated to the semiconductor film 202. A 
reference numeral 202b denotes the second beam spot obtained by the second laser light 
having a wavelength of the fundamental wave irradiated to the semiconductor film 202. 
[006600761 The first laser light and the second laser light are emitted 

from the CW gas laser, solid laser, or metal laser. The lasers cited in the embodiment 
mode 1 can be employed, for example. 

[006^0077] The wavelength of the first laser light is converted from the 

fundamental wave to the second harmonic, the third harmonic, or the fourth harmonic 
through the non-linear optical element. Since the wavelength of the harmonic depends 
on the kind of the laser, the appropriate harmonic is selected according to the laser to be 
used. The crystals cited in the embodiment mode 1 can be used as the non-linear optical 
element, for example. 

10068 00781 It is desirable that the first laser light and the second laser 

light are TEM 0 o mode (single mode) obtained from the stable resonator. In the case of 
TEMoo mode, the beam spot is easily processed because the laser light has Gaussian 
intensity distribution and it is superior in the light converging. 

[00690079] The positions of the first beam spot 202a and the second 

beam spot 202b are controlled so as to overlap each other. Therefore, the part of the 
semiconductor film 201 irradiated with the first beam spot 202a is melted by the first 
laser light and the absorption coefficient increases. For this reason, the second laser 
light is absorbed in the semiconductor film 201 effectively in the part overlapped with 
the first beam spot 202a and the second beam spot 202b. Thus, the throughput in the 
process of the crystallization can be enhanced. 

[OOTOflflM] When the substrate 200 is scanned to the direction indicated 

by an arrow of a continuous line, the relative positions of the first beam spot 202a and 
the second beam spot 202b to the semiconductor film 201 move to the direction 
indicated by a white arrow. 

100^-00811 Magnetic poles 203a and 203b correspond to the magnetic 

poles of the magnetic circuit being able to apply the magnetic field to the semiconductor 
film 201, particularly to the part overlapped with the first beam spot 202a and the 
second beam spot 202b. The magnetic line of force of the magnetic field generated 
between the magnetic poles 203a and 203b is shown with an arrow of a dotted line. The 
magnetic poles 203a and 203b are provided in both sides of the substrate 200 irradiated 
with the laser light, and the direction of the magnetic line of force exists in the surface 
of the semiconductor film 201. In FIG. 2, the scanning direction of the substrate 200 is 
perpendicular to the direction of the magnetic line of force in the part of the 
semiconductor film 201 overlapped with the first beam spot 202a and the second beam 
spot 202b. 

[007 200821 It is noted that the magnetic line of force is distributed as 

connecting the magnetic poles 203a and 203b. The magnetic line of force is almost 
straight in the space where the distance from the magnetic poles 203a and 203b is 
shorter, but is curved to have a larger curvature as the distance is longer. Therefore, the 
scanning direction of the substrate 200 and the direction of the magnetic line of force 
are not always perpendicular. In the present invention, it does not lead to any problems 
as long as the magnetic component in which the direction of passing magnetic line of 
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force is almost constant is applied in the part of the semiconductor film 201 overlapped 
with the first beam spot 202a and the second beam spot 202b. 

[Q073 D0831 The magnetic flux density in the part of the semiconductor 

film 201 overlapped with the first beam spot 202a and the second beam spot 202b is set 
in the range of 1 000 G to 1 0000 G 5 preferably in the range of 1 500 G to 4000 G. 
[00740084] It is noted that in order to prevent the total energy of the laser 

light absorbed in the semiconductor film from being different in the part overlapped 
with the first beam spot 202a and the second beam spot 202b and in the part not 
overlapped, it is the most preferable that the first beam spot 202a is overlapped with the 
second beam spot 202b completely. In order to raise the proportion of the region having 
homogeneous energy density in the first beam spot 202a, it is desirable that the first 
beam spot 202a has a linear shape, a rectangular shape, or an elliptical shape in which a 
ratio of the length of the major axis to that of the minor axis is five or more. 
[007 500851 In this embodiment mode, as shown in the FIG. 2(A), Wb, 

which is the length of the first beam spot 202a in the direction of its major axis, is made 
shorter than W m2 , which is the distance between the magnetic poles 203a and 203b, so 
that the direction of passing magnetic line of force can be kept almost constant in the 
part of the semiconductor film 201 irradiated by the first beam spot 202a, more 
preferably in the part overlapped with the first beam spot 202a and the second beam 
spot 202b. 

[0076 0086] The amount of the applied magnetic field can be adjusted 

with the width of Wm2. Wm 2 is preferably in the range of 1 mm to 5 mm. 

[0077] 

{Embodiment Mode 3 

[0087] This embodiment mode explains one mode of the present invention in 

which the magnetic field is applied to the direction different from those in the case of 
FIG. 1 and FIG. 2. 

[007800881 FIG. 3(A) is a top view of a semiconductor film 301 and FIG. 

3(B) is a cross-sectional view taken along a dotted line A-A' in FIG. 3(A). It is noted 
that a reference numeral 301 denotes the semiconductor film formed over a substrate 
300 in FIGS. 3(A) and 3(B). 

[00790089) The scanning direction of the substrate 300 exists in the 

surface of the substrate 300 as indicated by an arrow of a continuous line. In addition, a 
reference numeral 302a denotes the first beam spot obtained by the first laser light 
having a wavelength of the harmonic irradiated to the semiconductor film 302. A 
reference numeral 302b denotes the second beam spot obtained by the second laser light 
having a wavelength of the fundamental wave irradiated to the semiconductor film 302. 
100800090] The first laser light and the second laser light are emitted 

from the CW gas laser, solid laser, or metal laser. The lasers cited in the embodiment 
mode 1 can be employed, for example. 

10084 00911 The wavelength of the first laser light is converted from the 

fundamental wave to the second harmonic, the third harmonic, or the fourth harmonic 
through the non-linear optical element. Since the wavelength of the harmonic depends 
on the kind of the laser, the appropriate harmonic is selected according to the laser to be 
used. The crystals cited in the embodiment mode 1 can be used as the non-linear optical 
element, for example. 



16 



[008 200921 It is desirable that the first laser light and the second laser 

light are TEMoo mode (single mode) obtained from the stable resonator. In the case of 
TEMoo mode, the beam spot is easily processed because the laser light has Gaussian 
intensity distribution and is superior in the light converging. 

f 0083 00931 The positions of the first beam spot 302a and the second 

beam spot 302b are controlled so as to overlap each other. Therefore, the part of the 
semiconductor film 301 irradiated with the first beam spot 302a is melted by the first 
laser light and the absorption coefficient increases. For this reason, the second laser 
light is absorbed in the semiconductor film 301 effectively in the part overlapped with 
the first beam spot 302a and the second beam spot 302b. Thus the throughput in the 
process of the crystallization can be enhanced. 

[00840094] When the substrate 300 is scanned to the direction indicated 

by an arrow of a continuous line, the relative positions of the first beam spot 302a and 
the second beam spot 302b to the semiconductor film 301 move to the direction 
indicated by a white arrow. 

[00850095] Magnetic poles 303a and 303b correspond to the magnetic 

poles of the magnetic circuit being able to apply the magnetic field to the semiconductor 
film 301, particularly to the part overlapped with the first beam spot 302a and the 
second beam spot 302b. The magnetic line of force of the magnetic field generated 
between the magnetic poles 303a and 303b is shown with an arrow of a dotted line. The 
magnetic poles 303a and 303b are provided in both sides of the substrate 300 irradiated 
with the laser light, and the direction of the magnetic line of force exists in the surface 
of the semiconductor film 301. In FIG. 3, the scanning direction of the substrate 300 is 
parallel to and opposite to the direction of the magnetic line of force in the part of the 
semiconductor film 301 overlapped with the first beam spot 302a and the second beam 
spot 302b. 

[008600961 It is noted that the magnetic line of force is distributed as 

connecting the magnetic poles 303a and 303b. The magnetic line of force is almost 
straight in the space where the distance from the magnetic poles 303a and 303b is 
shorter, but is curved to have a larger curvature as the distance is longer. Therefore, the 
scanning direction of the substrate 300 and the direction of the magnetic line of force 
are not always parallel. In the present invention, it does not lead to any problems as 
long as the magnetic component in which the direction of passing magnetic line of force 
is almost constant is applied in the part of the semiconductor film 301 overlapped with 
the first beam spot 302a and the second beam spot 302b. 

[Q08?0097] The magnetic flux density in the part of the semiconductor 

film 301 overlapped with the first beam spot 302a and the second beam spot 302b is set 
in the range of 1 000 G to 1 0000 G, preferably in the range of 1 500 G to 4000 G. 
[QQ880Q981 It is noted that in order to prevent the total energy of the laser 

light absorbed in the semiconductor film from being different in the part overlapped 
with the first beam spot 302a and the second beam spot 302b and in the part not 
overlapped, it is the most preferable that the first beam spot 302a is overlapped with the 
second beam spot 302b completely. In order to raise the proportion of the region having 
homogeneous energy density in the first beam spot 302a, it is desirable that the first 
beam spot 302a has a linear shape, a rectangular shape, or an elliptical shape in which a 
ratio of the length of the major axis to that of the minor axis is five or more. 
[008900521 In this embodiment mode, as shown in the FIG. 3<A), Wb, 
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which is the length of the first beam spot 302a in the direction of its major axis, is made 
shorter than W m 3, which is the distance between the magnetic poles 303a and 303b, so 
that the direction of passing magnetic line of force can be kept almost constant in the 
part of the semiconductor film 301 irradiated with the first beam spot 302a, more 
preferably in the part overlapped with the first beam spot 302a and the second beam 
spot 302b. 

[00900100] The amount of the applied magnetic field can be adjusted 

with the width of Wm 3 . Wm3 is preferably in the range of 1 mm to 5 mm. 
F0094-01011 It is noted that as the method for scanning laser light, there 

are an irradiation system moving type method in which a substrate, a processed object, 
is fixed while an irradiation position of laser light is moved, an processed object moving 
type method in which an irradiation position of the laser light is fixed while a substrate 
is moved, and a method in which these two methods are combined. 
1009 20102 1 In the embodiment modes 1 to 3, the case in which the laser 

irradiation apparatus with the processed object moving type method was explained, but 
the present invention is not limited to this. The present invention can be applied to the 
laser irradiation apparatus with the irradiation system moving type and to the laser 
irradiation apparatus in which an processed object moving type and an irradiation 
system moving type are combined. In any case, it is premised that the relation between 
the moving direction of the beam spot relative to the semiconductor film and the 
direction of the magnetic line of force can be controlled. 

[0093 ^01031 In addition, although the embodiment modes 1 to 3 employ 

the magnetic field generated between the heterogeneous magnetic poles attracting each 
other, the present invention is not limited to this. The magnetic field generated between 
the homogeneous magnetic poles repelling each other may be also employed. For 
example, when the homogeneous magnetic poles are employed as the magnetic poles 
203a and 203b in FIG. 2, the magnetic field can be applied in the direction 
perpendicular to the semiconductor film 201. 

[009401041 It is noted that the direction of the magnetic line of force is 

not limited to those shown in the embodiment modes 1 to 3. The direction thereof may 
be opposite to those shown in the embodiment modes 1 to 3, and the magnetic line of 
force may be directed to have an angle so as to be neither perpendicular nor parallel to 
the scanning direction of the laser light and to the semiconductor film. 
f0©95} 

{Embodiment Mode 4 

10105] This embodiment mode explains a structure of the optical system 

included in the laser irradiation apparatus of the present invention. 
[0096 01061 FIG. 4(A) shows an example of the optical system for 

performing the laser crystallization with the use of the first laser light having a 
wavelength of the harmonic and the second laser light having a wavelength of the 
fundamental wave. A reference numeral 701 denotes a laser oscillator oscillating the 
first laser light. The CW Nd: YVO4 laser having the second harmonic (wavelength 532 
nm) with an output of 10 W is used in FIG. 4(A). Although the second harmonic is used 
in FIG. 4(A), the present invention is not limited to this, and the other higher harmonics 
can be employed. However, the higher the harmonic is, the lower the conversion 
efficiency becomes. In addition, when the wavelength is too short, the laser light 
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transmits through the semiconductor film having a thickness in nanometers to 
micrometers, which results in the lowering of the crystallization efficiency. Therefore, 
it is preferable to employ the second harmonic. 

[009701071 A reference numeral 702 denotes a laser oscillator oscillating 

the second laser light. The CW Nd: YAG laser having the fundamental wave 
(wavelength 1.064 pmfirri) with an output of 30 W is used in FIG. 4(A). The first and 
the second laser light obtained from the laser oscillators 701 and 702 are preferably 
TEMoo mode (single mode). 

[009 801081 After the first laser light oscillated from the laser oscillator 

701 is reflected on a mirror 703, it is converged through a planoconvex lens 704. And 
then the first laser light is irradiated to a semiconductor film 705 formed over a 
substrate. A reference numeral 706 denotes the first beam spot formed on the 
semiconductor film 705 by the irradiation of the first laser light. 

[Q099 0109 1 It is noted that an incidence angle QQl of the first laser light to 

the semiconductor film 705 is set to 20°Z in this embodiment mode. The incidence 
angle QQ1 is not limited to this, and it can be changed appropriately. The planoconvex 
lens 704 has a focal length of 20 mm, and the plane portion thereof is kept parallel to 
the surface of the semiconductor film 705. Moreover, the distance between the 
semiconductor film 705 and the planoconvex lens 704 is set to approximately 20 mm. 
This forms the first beam spot 706 having a size of approximately 500 pm/jm in its 
major axis and approximately 20 pmjum in its minor axis and having a shape similar to 
ellipse. 

[0+9001101 On the other hand, the second laser light oscillated from the 

laser oscillator 702 is converged through a planoconvex lens 707 and then is irradiated 
to the semiconductor film 705 formed over the substrate. A reference numeral 708 
denotes the second beam spot formed on the semiconductor film 705 by the irradiation 
of the second laser light. 

[0+04-filll] The incidence angle QQjz of the second laser light to the 

semiconductor film 705 is set to 40-° in this embodiment mode. The incidence angle ©fi 
2 is not limited to this, and it can be changed appropriately. The planoconvex lens 707 
has a focal length of 15 mm, and the plane portion thereof is kept parallel to the surface 
of the semiconductor film 705. This forms the second beam spot 708 having a size of 
approximately 1 mm in its major axis and approximately 0.2 mm in its minor axis and 
having a shape similar to ellipse. 

[04-020112] The first beam spot 706 and the second beam spot 708 are 

completely overlapped. A stage 709 can move to XY directions on the surface parallel 
to the surface of the semiconductor film 705 using a uniaxial robot for X-axis 710 and a 
uniaxial robot for Y-axis 711. It is appropriate that the scanning rate ranges from 
several tens cm/s to several hundreds cm/s and it is set to 50 cm/s here. 
[QH &01131 Next, another example of the optical system included in the 

laser irradiation apparatus of the present invention is explained. 

[04-0 401141 In FIG. 4(B), laser light output from four laser oscillators are 

combined to form the first laser light to be used. In FIG. 4(B), four of the CW Nd: 
YVO4 lasers each of which has an output of 10 W and has a wavelength of the second 
harmonic (532 nm) are used to form the first laser light. It is noted that although the 
second harmonic is used in this embodiment mode, the present invention is not limited 
to this and the other higher harmonics can be used. 



19 



1040 501151 Four of the first laser light being incident from the direction 

indicated by an arrow are incident into four cylindrical lenses 719 to 722 respectively. 
The two laser light shaped through the cylindrical lenses 719 and 721 make again the 
form of the beam spots through the cylindrical lens 7 1 7 and then the formed beam spots 
are irradiated to the substrate 723 with the semiconductor film formed thereover. On 
the other hand, the two laser light shaped through the cylindrical lenses 720 and 722 
make again the form of the beam spots through the cylindrical lens 718, and then the 
formed beam spots are irradiated to the substrate 723. 

1040 60116] It is possible for a designer to determine the focal length of 

each lens and the incidence angle appropriately. However, the focal length of the 
cylindrical lenses 717 and 718, which are positioned closest to the substrate 723, is 
made shorter than those of the cylindrical lenses 719 to 722. For example, the focal 
lengths of the cylindrical lenses 717 and 718, which are positioned closest to the 
substrate 723, are set to 20 mm. And the focal lengths of the cylindrical lenses 719 to 

722 are set to 1 50 mm. Each lens is arranged so that the incidence angle of the laser 
light from the cylindrical lenses 717 and 718 to the processed object 700 is 25-° and the 
incidence angle of the laser light from the cylindrical lenses 719 to 722 to the 
cylindrical lenses 717 and 718 is 10°-° 

[QiQ?01171 Each of the beam spots of the first laser light on the substrate 

723 overlaps partially one another to be combined so as to form the first beam spot. 
The first beam spot is shaped into the elliptical having a size of approximately 400 
t±m^2n in its major axis and approximately 20 pmfim in its minor axis. 

1O40&01181 The second laser light can be obtained from the laser 

oscillator with an output of 500 W. The CW Nd: YAG laser having a wavelength of the 
fundamental wave (1.064 ptmum) is used as the laser oscillator. The first and the second 
laser light obtained from the laser oscillators 701 and 702 are preferably TEM 0 o mode 
(single mode). 

101-0 90119] The second laser light is converged through a planoconvex 

lens 725 and is irradiated to the semiconductor film formed over the substrate 723. It is 
noted that instead of the planoconvex lens 725, two cylindrical lenses may be employed 
in such a way that they are orthogonalized. 

[044£!LL2fi] The semiconductor film is crystallized by overlapping the 

first beam spot obtained by four of the first laser light with the second beam spot 
obtained by the second laser light. The first beam spot and the second beam spot are 
completely overlapped. In FIG. 4(B), the laser crystallization is performed in such a 
way that, for example, the substrate is moved using a uniaxial robot for X-axis and a 
uniaxial robot for Y-axis as shown in FIG. 4(A). It is appropriate that the scanning rate 
is in the range of several tens cm/s to several hundreds cm/s and it is set to 50 cm/s here. 
[014401211 Next, another example of the optical system included in the 

laser irradiation apparatus of the present invention is explained. 

[ 0112M 22] In FIG. 5, a reference numeral 731 denotes a laser oscillator 

oscillating the first laser light. The CW Nd: YV0 4 laser having a wavelength of the 
second harmonic (532 nm) with an output of 10 W is used as the laser oscillator 731 . It 
is noted that although the second harmonic is used in FIG. 5, the present invention is not 
limited to this, and the other higher harmonics may be also employed. 
[044 ^01231 A reference numeral 732 denotes a laser oscillator oscillating 

the second laser light. The CW Nd: YAG laser having a wavelength of the fundamental 
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wave (1.064 pm/Am) with an output of 2000 W is used as the laser oscillator. The first 
and the second laser light obtained from the laser oscillators 731 and 732 are preferably 
TEMoo mode (single mode). 

[(H4401241 The first laser light oscillated from the laser oscillator 731 is 

converged to be elliptical through the beam expander including two cylindrical lenses 
733 and 734. The converged laser light is reflected by a galvanometer mirror 735, and 
then it is converged again through an f©fg lens (F-0£ lens) 736. After that it is irradiated 
to a semiconductor film 737 formed over the substrate. A reference numeral 738 
denotes the first beam spot formed on the semiconductor film 737 by the irradiation of 
the first laser light. The first beam spot 738 is the elliptical having a size of 20 pm/dm in 
its minor axis and 400 ptm/nm in its major axis, for example. 

[{H44M25] The first beam spot 738 can be scanned by changing the angle 

of the galvanometer mirror 735. The &fjg lens 736 can prevent the beam spot from 
changing in shape due to the change of the angle of the galvanometer mirror as much as 
possible. The incident angle of the first laser light to the semiconductor film 737 is set 
to 20^Z. The laser light can be irradiated to the whole surface of the semiconductor film 
737 when the galvanometer mirror 735 is combined with the uniaxial stage in this 
embodiment mode. The first laser light is scanned preferably at a speed ranging from 
100 to 2000 mm/s, preferably about 500 mm/s. 

[044-6 01261 On the other hand, after the second laser light oscillated from 

the laser oscillator 732 is expanded uniformly through a concave lens 741, the second 
laser light is converged in one direction through a planoconvex cylindrical lens 739 and 
then it is irradiated to the semiconductor film 737 formed over the substrate. A 
reference numeral 740 denotes the second beam spot formed on the semiconductor film 
737 by the irradiation of the second laser light. In this embodiment mode, the second 
beam spot 740 is scanned to one direction by covering the whole region scanned by the 
first beam spot 738 with the second beam spot 740 so that it can be easily synchronized 
with the first beam spot 738. It is also possible to use a beam homogenizer in order to 
form the second beam spot 740 being able to cover the whole region scanned by the 
first beam spot 738. 

fQH? 01271 It is desirable that an incidence angle of the laser light 

satisfies the inequality of ©rfi>arctan (W/2d). In the inequality, it is defined that an 
incidence plane is perpendicular to the surface to be irradiated and is including a longer 
side or a shorter side of the beam spot assuming that the beam spot is rectangular in 
shape. Moreover, in the inequality, "W" is the length of the longer side or the shorter 
side included in the incidence plane and "d" is the thickness of the substrate having 
transparency to the laser light, which is placed at the surface to be irradiated. It is 
defined that a track of the laser light projected to the incidence plane has an incidence 
angle when the track is not on the incidence plane. When the laser light is made 
incident at an incidence angle %Q 9 it is possible to perform uniform irradiation of the 
laser light without interference of reflected light from a surface of the substrate with 
reflected light from a rear surface of the substrate. The theory above is considered 
assuming that a refractive index of the substrate is 1. In fact, the substrate has a 
refractive index of approximately 1.5, and a larger value than the angle calculated in 
accordance with the above theory is obtained when the value around 1.5 is taken into 
account. However, since the beam spot has energy attenuated at opposite sides in the 
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longitudinal direction thereof, the interference has a small influence on opposite sides 
and the value calculated in accordance with the inequality is enough to obtain the effect 
of attenuating the interference. The inequality with respect to QQ is applicable only to 
the substrate transparent to the laser light. 

[OH-801281 It is noted that the optical system included in the laser 

irradiation apparatus of the present invention is not limited to that shown in this 
embodiment mode. 
[0119] 

f Embodiment Mode 5 

F01291 This embodiment mode explains specifically the method for 

crystallizing the semiconductor film with the laser irradiation apparatus of the present 
invention. 

Initially, as shown in FIG. 6(A), a base film 501 is formed 
over a substrate 500. As the substrate 500, a glass substrate such as a barium 
borosilicate glass and an alumino-borosilicate glass, a quartz substrate, an SUS 
substrate, or the like can be used. Moreover, although a substrate made from flexible 
synthetic resin such as plastic usually tends to be inferior in heat resistance to the 
substrate 500 described above, it can be used as long as it resists the heat generated in 
the manufacturing process. 

[013 +01311 The base film 501 is provided so that alkaline metal such as 

Na or alkaline-earth metal included in the substrate 500 may not diffuse into the 
semiconductor film to have an adverse affect on a characteristic of a semiconductor 
element. Therefore, the base film 501 is formed of an insulating film such as silicon 
oxide, silicon nitride, or silicon nitride oxide, which can suppress the diffusion of the 
alkaline metal or the alkaline-earth metal into the semiconductor film. In this 
embodiment mode, a silicon nitride oxide film is formed in thickness from 10 nm to 400 
nm (preferably from 50 nm to 300 nm) by the plasma-CVD method. 
[Q4-22iLL|2] It is noted that the base film 501 may be formed in single 

layer or in laminated layer of a plurality of insulating films. In the case to use the 
substrate including the alkaline metal or the alkaline-earth metal in any way such as the 
glass substrate, the SUS substrate, or the plastic substrate, it is effective to provide the 
base film in order to prevent the diffusion of the impurities. On the other hand, when 
the diffusion of impurities does not lead to any significant problems, the base film does 
not always have to be provided. 

Next, a semiconductor film 502 is formed over the base film. 
The thickness of the semiconductor film 502 is set in the range of 25 nm to 100 nm 
(preferably in the range of 30 nm to 60 nm). It is noted that the semiconductor film 502 
may be amorphous semiconductor or poly-crystalline semiconductor. Moreover, not 
only silicon but also silicon germanium can be used as the semiconductor. When silicon 
germanium is used, it is preferable that the concentration of germanium ranges from 
0.01 atomic% to 4.5 atomic%. 

[04-3401341 Next, the zeroth group element is added to the semiconductor 

film 502 by an ion dope method (ion doping method). This embodiment mode explains 
an example in which Ar is used as the zeroth group element (currently referred to as the 
1 8th element). For example, in the case of Ar, Ar is added so that the concentration in 
the semiconductor film ranges from 1 x 1018 atoms/cm3 to 1 x 1021 atoms/cm3, 
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preferably from 5 x 1018 atoms/cm3 to 5 x 1020 atoms/cm3. And the accelerating 
voltage affects the concentration distribution of Ar in the direction of the thickness of 
the semiconductor film 502. Therefore, the acceleration voltage is determined 
appropriately by the condition in which the concentration is made higher toward the 
surface side of the film, the concentration is made higher toward the substrate side of 
the film, or the concentration is made uniform all over the film. In this embodiment 
mode, the accelerating voltage was set to 30 kV. 

[Q±3£fllM] It is noted that the laser light may be irradiated in the 

atmosphere of the gas with hydrogen added to the zeroth group element. In this case, 
the partial pressure of hydrogen is set in the range of 1% to 3%. 

101^ 601361 Next, as shown in FIG. 6(B), the semiconductor film 502 is 

crystallized with the laser irradiation apparatus of the present invention. In this 
embodiment mode, the Nd: YV04 laser outputting the second harmonic (532 nm) 
having an energy of 5.5 W was used as the first laser light. As the second laser light, the 
Nd: YAG laser outputting the fundamental wave (1.064 ^tm^m) having an energy of 15 
W was used. 

1 01 27 0 137 1 And in the present invention, the magnetic field is applied 

with magnetic poles 504 and 505 to the region irradiated with the laser light. In this 
embodiment mode, the scanning direction of the laser light and the direction of the 
magnetic line of force in the magnetic field are corresponded. In FIG. 6(B), the relative 
moving direction of the laser light to the substrate 500 is shown with a white arrow 
while the direction of the magnetic line of force is shown with an arrow of a dotted line. 
KH2&0138] It is noted that the magnetic line of force is distributed as 

connecting the magnetic poles 504 and 505. The magnetic line of force is almost 
straight in the space where the distance from the magnetic poles 504 and 505 is shorter, 
but is curved to have a larger curvature as the distance is longer. Therefore, the moving 
direction of the beam spot is not always parallel to the direction of the magnetic line of 
force. In the present invention, it does not lead to any problems as long as the magnetic 
component in which the direction of passing magnetic line of force is almost constant is 
applied in the part 506 of the semiconductor film 502 irradiated with the beam spot. 
[Qj-29 : f0139] The magnetic flux density in the part 506 irradiated with the beam spot is 
in the range of 1 000 G to 1 0000 G, preferably in the range of 1 500 G to 4000 G. 
[04^ 001401 The laser light is irradiated in the atmosphere including the 

gas of the zeroth group element for 99.99% or more, preferably 99.9999% or more, in 
the load lock system chamber. In this embodiment mode, Ar is used as the zeroth group 
element. 

10^4- 0141] It is noted that the zeroth group element that is doped and the 

zeroth group element that is used when the laser light is irradiated does not always have 
to be the same. 

KH-32 01421 The semiconductor film 503 having further enhanced 

crystallinity is formed by irradiating the laser light to the semiconductor film 502 as 
described above. 

KH^301431 Next, as shown in FIG. 6(C), the semiconductor film 503 is 

patterned to form island-shaped semiconductor films 507 to 509 and various kinds of 
semiconductor elements, typically TFT, are formed with these island-shaped 
semiconductor films 507 to 509. 

1013401441 When TFT is manufactured, for example, a gate insulating 
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film is formed so as to cover the island-shaped semiconductor films 507 to 509. As the 
gate insulating film, silicon oxide, silicon nitride, silicon nitride oxide, or the like can be 
used. The plasma-CVD method, the sputtering method, or the like can be employed as 
the film-forming method. 

1013501451 Next, a gate electrode is formed by forming and patterning a 

conductive film on the gate insulating film. And the gate electrode or resist being 
formed and patterned is used as a mask, and the impurities imparting n-type or p-type 
conductivity is added to the island-shaped semiconductor films 507 to 509 to form a 
source region, a drain region, an LDD region, and the like. 

[013601461 TFT can be formed through such a series of processes. It is 

noted that the method for manufacturing the semiconductor device in the present 
invention is not limited to the process for manufacturing TFT described above following 
after forming the island-shaped semiconductor films. The variations of the on-current, 
the threshold, and the mobility between the elements can be suppressed when the 
semiconductor film crystallized with the laser irradiation method of the present 
invention is employed as an active layer of TFT. 
[0137] 

{Embodiment Mode 6 

[0147] Unlike the embodiment mode 5, this embodiment mode explains an 

example in which the crystallization method by the laser irradiation apparatus of the 
present invention is combined with a crystallization method by the catalyst element. 
KH3 &0148 1 Initially, the processes from forming the semiconductor film 

502 up to doping the semiconductor film 502 with the zeroth group element are 
performed in reference up to FIG. 6(A) in the embodiment mode 5. Next, the surface of 
the semiconductor film 502 is coated with nickel acetate solution including Ni in the 
range of 1 ppm to 100 ppm in weight by a spin coating method. It is noted that the 
catalyst may be added not only by the spin coating method but also by the sputtering 
method, the vapor deposition method, the plasma process, or the like. 
[04-39 01491 Next, a heating process was performed for 4 hours to 24 

hours at a temperature ranging from 500r° to 650t°, for example for 14 hours at a 
temperature of 570r°. This heating process forms the semiconductor film 520 in which 
the crystallization is promoted in the vertical direction toward the substrate 500 from the 
surface coated with nickel acetate solution. (FIG. 7(A)) 

[04400150] It is noted that although nickel (Ni) is used as the catalyst 

element in this embodiment mode, the other element such as germanium (Ge), Iron 
(Fe), Palladium (Pd), Tin (Sn), Lead (Pb), Cobalt (Co), Platinum (Pt), Copper <Cu), or 
Gold (Au) may be also used. 

rQ44±01511 Next, as shown in FIG. 7(B), the semiconductor film 520 is 

crystallized using the laser irradiation apparatus of the present invention. In this 
embodiment mode, the Nd: YV0 4 laser outputting the second harmonic (532 nm) 
having an energy of 1 0 W was used as the first laser light. As the second laser light, the 
Nd: YAG laser outputting the fundamental wave (1 .064 &mum) having an energy of 500 
W was used. 

1044 2015-11 And in the present invention, the magnetic field is applied to 

the region irradiated with the laser light with a magnetic pole 527 from the side of the 
substrate 500 opposite to the side of the substrate 500 with the semiconductor film 520 
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formed thereover. In this embodiment mode, both the scanning direction of the laser 
light and the surface formed with the semiconductor film 520 are made perpendicular to 
the direction of the magnetic line of force in the magnetic field. In FIG. 7(B), the 
relative moving direction of the laser light to the substrate 500 is drawn with a white 
arrow, while the direction of the magnetic line of force is drawn with an arrow of a 
dotted line. 

[0143 4)1531 It is noted that the surface formed with the semiconductor 

film 520 is not necessarily perpendicular to the direction of the magnetic line of force. 
In the present invention, it does not lead to any problems as long as the magnetic 
component where the direction of passing magnetic line of force is almost constant is 
applied in the part 528 of the semiconductor film 520 irradiated with a beam spot. 
[044 40154] And the magnetic flux density in the part 528 irradiated with 

the beam spot is set in the range of 1000 G to 10000 G, preferably in the range of 1500 
G to 4000 G. 

1044501551 The laser light is irradiated in the atmosphere including the 

zeroth group element gas for 99.99% or more, preferably 99.9999% or more, in the load 
lock system chamber. In this embodiment mode, Ar is used as the zeroth group 
element. 

[04460156] It is noted that the zeroth group element that is doped and the 

zeroth group element that is used when the laser light is irradiated does not always have 
to be the same. 

[044701571 The semiconductor film 521 whose crystallinity is further 

enhanced is formed by irradiating the laser light to the semiconductor film 520 as 
described above. 

1044 &01581 It is considered that the catalyst element (Ni here) is included 

at a concentration of approximately 1 x 10 19 atoms/cm 3 in the semiconductor film 521 
that is crystallized with the catalyst element as shown in FIG. 7(B). Next, the catalyst 
element existing in the semiconductor film 521 is gettered. 

KH490159J First, an oxide film 522 is formed over the surface of the 

semiconductor film 521 as shown in FIG. 7(C). By forming the oxide film 522 having a 
thickness from 1 nm to 10 nm, the surface of the semiconductor film 521 can be 
prevented from becoming rough due to the etching in the following etching process. 
1045 001601 The oxide film 522 can be formed by a known method. For 

example, the oxide film 522 may be formed by oxidizing the surface of the 
semiconductor film 521 using ozone water or using the solution in which hydrogen 
peroxide solution is mixed with sulfuric acid, hydrochloric acid, nitric acid, or the like. 
Alternatively, the oxide film 522 may be formed by the plasma process, heating process, 
or ultraviolet ray irradiation in the atmosphere including oxygen. Moreover, the oxide 
film may be formed separately by the plasma-CVD method, the sputtering method, the 
vapor deposition method, or the like. 

10454 -0161] A semiconductor film 523 for the gettering including the 

noble gas element not less than lxl 0 20 atoms/cm 3 is formed in thickness from 25 nm to 
250 nm over the oxide film 522 by the sputtering method. It is desirable that the mass 
density of the semiconductor film 523 for the gettering is lower than that of the 
semiconductor film 521 in order to increase the selecting ratio of the etching to the 
semiconductor film 521 . 

[Q452 01621 As the noble gas element, one kind or plural kinds selected 
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from the group consisting of Helium (He), Neon (Ne), Argon (Ar), Krypton (Kr), and 
Xenon (Xe) are used. 

[04-53 01631 Next the gettering is performed through the heating process 

by the furnace annealing method or the RTA method. When the furnace annealing 
method is employed, the heating process is performed for 0.5 hours to 12 hours at a 
temperature ranging from 450r° to 600^ in the atmosphere of nitrogen. When the RTA 
method is employed, a lamp light source for heating is turned on for 1 to 60 seconds, 
preferably 30 seconds to 60 seconds, which is repeated from 1 time to 10 times, 
preferably from 2 times to 6 times. The lamp light source may have any luminescence 
intensity, but the luminescence intensity is set so that the semiconductor film is heated 
instantaneously at a temperature ranging from 600t° to 1 000r°, preferably from 700r° to 
750£ 

[04-5 40164 ] Through the heating process, the catalyst element inside the 

semiconductor film 521 moves to the semiconductor film 523 for the gettering due to 
the diffusion as indicated by an arrow and the catalyst element is thus gettered. 
f 04-5 501651 Next, the semiconductor film 523 for the gettering is removed 

by etching selectively. The etching process is performed by dry etching with CIF3 not 
applying plasma, or by wet etching with alkali solution such as the solution including 
hydrazine or tetraethylammonium hydroxide ((CH3)4NOH). On this occasion, the oxide 
film 522 prevents the oxide film 521 from being etched. 

[04-5 60166 1 Next, the oxide film 522 is removed by hydrofluoric acid, 

f 04-5 201671 Next, the semiconductor film 521 after removing the oxide 

film 522 is patterned to form the island-shaped semiconductor films 524 to 526 (FIG. 
7(D)). 

[04-58 0168] It is noted that the gettering process in the present invention is 

not limited to the method described in this embodiment mode. The catalyst element in 
the semiconductor film may be reduced with the other method. 

[04-590169] Next, various semiconductor elements, typified by TFT, are 

formed using these island-shaped semiconductor films 524 to 526. 
[04-600170] It is noted that the crystallinity of the semiconductor film can 

be more enhanced compared with the case in the embodiment mode 5 when the 
semiconductor film is crystallized with the irradiation of the laser light after it is 
crystallized with the catalyst element as described in this embodiment mode. In the 
embodiment mode 5, the crystallization is promoted in such a way that crystal nuclei 
arise randomly after being irradiated with the laser light. On the other hand, in this 
embodiment mode, the crystal formed in the crystallization by the catalyst element stays 
as it is without being melted by the irradiation of the laser light in the side closer to the 
substrate and the crystallization is promoted by having the crystal as its crystal nuclei. 
As a result, the crystallization by the irradiation of the laser light is easy to be promoted 
from the substrate side to the surface uniformly, and thus the surface is prevented from 
becoming rough compared with the case of the embodiment mode 5. Therefore, the 
variation of the characteristic of the semiconductor element, typically TFT, can be more 
suppressed. 

104-6+01711 It is noted that this embodiment mode explained the process 

to promote crystallization by performing the heating process after the catalyst element is 
added, and then to enhance crystallinity further by irradiating the laser light. However, 
the present invention is not limited to this, and the heating process may be omitted. 
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Specifically, after adding the catalyst element, the laser light may be irradiated instead 
of the heating process in order to enhance the crystallinity. 

f Embodiment Mode 7 

10172] This embodiment mode, unlike the embodiment mode 6, explains an 

example in which the crystallizing method using the laser irradiation apparatus of the 
present invention is combined with the crystallizing method using the catalyst element. 
KH430173] Initially, the processes from forming the semiconductor film 

502 to doping the zeroth group element to the semiconductor film 502 are performed in 
reference up to FIG. 6(A) in the embodiment mode 5. Next, a mask 540 having an 
opening was formed over the semiconductor film 502. And the nickel acetate solution 
including Ni in the range of 1 ppm to 100 ppm in weight was applied to the surface of 
the semiconductor film 502 by the spin coating method. It is noted that the method for 
adding the catalyst element is not limited to this, and the sputtering method, the vapor 
deposition method, the plasma process, or the like may be also employed. Applied 
nickel acetate solution contacts the semiconductor film 502 in the opening of the mask 
540. (FIG. 8(A)) 

Ifrj-64 01741 Next, the heating process was performed for 4 hours to 24 

hours at a temperature ranging from 500t2 to 650r°, for example for 14 hours at a 
temperature of 570r°. This heating process forms a semiconductor film 530 in which the 
crystallization is promoted from the surface coated with the nickel acetate solution as 
indicated by an arrow of a continuous line. (FIG. 8(A)) 

[W65M25] It is noted that the catalyst element cited in the embodiment 

mode 6 can be used as the catalyst element. 

104-6601761 Next, after the mask 540 is removed, the semiconductor film 

530 is crystallized using the laser irradiation apparatus of the present invention as 
shown in FIG. 8(B). In this embodiment mode, the Nd: YV0 4 laser outputting the 
second harmonic (532 nm) having an energy of 10 W was used as the first laser light. 
As the second laser light, the Nd: YAG laser outputting the fundamental wave (1.064 
p mym) having an energy of 2000 W was used. 

[Qf6 ?01771 And in the present invention, the magnetic field is applied 

with the use of magnetic poles 541 and 542 to the region irradiated by the laser light. In 
this embodiment mode, the scanning direction of the laser light and the direction of the 
magnetic line of force are corresponded. In FIG. 8(B), the relative moving direction of 
the laser light to the substrate 500 is shown with a white arrow while the direction of the 
magnetic line of force is shown with an arrow of a dotted line. 

ffrf6 &01781 It is noted that the magnetic line of force is distributed as 

connecting the magnetic poles 541 and 542. The magnetic line of force is almost 
straight in the space where the distance from the magnetic poles 541 and 542 is shorter, 
but is curved to have a larger curvature as the distance is longer. Therefore, the moving 
direction of the beam spot is not always parallel to the direction of the magnetic line of 
force. In the present invention, it does not lead to any problems as long as the magnetic 
component in which the direction of passing magnetic line of force is almost constant is 
applied in the part 538 of the semiconductor film 530 irradiated with the beam spot. 
1Q±6 901791 The magnetic flux density in the region 538 irradiated with 

the beam spot is set in the range of 1000 G to 10000 G, preferably in the range of 1500 
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G to 4000 G. 

The laser light is irradiated in the atmosphere including the 
zeroth group element gas for 99.99% or more, preferably 99.9999% or more, in the load 
lock system chamber. In this embodiment mode, Ar is used as the zeroth group element 

gas. 

[ 0171 01811 It is noted that the zeroth group element that is doped and the 

zeroth group element that is used when the laser light is irradiated does not always have 
to be the same. 

\9¥f2 01fi2} A semiconductor film 531 having further enhanced 

crystallinity is formed by irradiating the laser light to the semiconductor film 530 as 
described above. 

(04-730 183] It is noted that as shown in FIG. 8(B), the semiconductor film 

531 crystallized with the catalyst element is assumed to include the catalyst element (Ni 
here) at a concentration of approximately 1 x 10 19 atoms/cm 3 . Sequentially the catalyst 
element existing in the semiconductor film 531 is gettered. 

[QV740184J As shown in FIG. 8(D), a silicon oxide film 532 for a mask is 

formed 150 nm in thickness so as to cover the semiconductor film 530. And then an 
opening is provided by patterning the semiconductor film 530 to expose a part of the 
semiconductor film 530. Then, phosphorous is added to provide a region 533 in which 
phosphorous is added in the semiconductor film 530. 

[04^5 01851 When the heating process is performed in this state for 5 

hours to 24 hours at a temperature ranging from 550r° to 800r° in the atmosphere of 
nitrogen, for example for 12 hours at a temperature of 600t°, the region 533 added with 
phosphorous in the semiconductor film 530 works as a gettering site. As a result, the 
catalyst element left in the semiconductor film 530 is segregated in the gettering region 
533 with phosphorous added therein. (FIG. 8(B)) 

[04^6 01861 And the concentration of the catalyst element in the rest of the 

regions in the semiconductor film 530 can be decreased to 1 x 1017 atms[sic]/cm3 or 
less by removing the region 533 added with phosphorous by means of etching. 
1 0177 01871 After removing the silicon oxide film 532 for the mask, the 

semiconductor film 531 is patterned to form island-shaped semiconductor films 534 to 
536. (FIG. 8(D)) 

fQ4-?&01881 It is noted that the gettering process in the present invention is 

not limited to the method shown in this embodiment mode. The other method may be 
employed in order to decrease the catalyst element in the semiconductor film. 
1017 901891 Next, as shown in FIG. 8(D), the semiconductor film 531 is 

patterned to form the island-shaped semiconductor films 534 to 536, which are utilized 
to form the various kinds of semiconductor elements typified by TFT. 
[Q4-8 Q01901 It is noted that the crystallinity of the semiconductor film can 

be more enhanced compared with the case of the embodiment mode 5 when the 
semiconductor film is crystallized with the irradiation of the laser light after it is 
crystallized with the catalyst element as described in this embodiment mode. In the 
embodiment mode 5, the crystallization is promoted in such a way that crystal nuclei 
arise randomly after being irradiated with the laser light. On the other hand, in this 
embodiment mode, the crystal formed in the crystallization by the catalyst element stays 
as it is without being melted by the irradiation of the laser light in the side closer to the 
substrate and the crystallization is promoted by having the crystal as its crystal nuclei. 
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As a result, the crystallization by the irradiation of the laser light is easy to be promoted 
from the substrate side to the surface uniformly, and thus the surface is prevented from 
becoming rough compared with the case in the embodiment mode 5. Therefore, the 
variation of the characteristic of the semiconductor element, typically TFT, can be more 
suppressed. 

104-8+01911 It is noted that this embodiment mode explained the 

composition to promote the crystallization by performing the heating process after the 
catalyst element is added, and then to enhance crystallinity further by the irradiation of 
the laser light. However, the present invention is not limited to this and the heating 
process may be omitted. Specifically, after adding the catalyst element, the laser light 
may be irradiated instead of the heating process in order to enhance the crystallinity. 

^Embodiment Mode 8 

[01921 This embodiment mode explains the structure of the laser irradiation 

apparatus including the load lock system chamber. 

[Oj-8^01931 FIG. 9 shows the structure of the laser irradiation apparatus in 

this embodiment mode. A laser irradiation chamber 1206 is surrounded by a barrier 
diffusion 1230. It is noted that since the laser light is highly directional and has the high 
energy density, the barrier diffusion 1230 preferably has the characteristic of absorbing 
the reflected light in order to prevent the reflected light from irradiating to an 
inappropriate region. In addition, cooling water may be circulated in the barrier 
diffusion in order to prevent the rise of the temperature due to the absorption of the 
reflected light. 

[Qf8 401941 Moreover, as shown in FIG. 9, means 1240 for heating the 

barrier diffusion (barrier diffusion heating means) may be provided to heat the barrier 
diffusion when the laser irradiation chamber is evacuated. 

[Qf8501951 And a gate 1210 corresponds to a transferring gate for 

transferring the substrate to the laser irradiation chamber 1206. The gas inside the laser 
irradiation chamber 1206 can be evacuated by an evacuation system 1231 connected to 
an evacuation port 1211. The noble gas can be supplied into the laser irradiation 
chamber 1206 by a noble gas supplying system 1250 connected to a supply port 1251. 
[Q4-8601961 A reference numeral 1212 denotes a stage on which the 

substrate 1203 is mounted. When the stage is moved according to position controlling 
means 1242, the position of the substrate can be controlled and the irradiation position 
of the laser light can be moved. As shown in FIG. 9, means 1241 for heating the 
substrate (substrate heating means) may be provided in the stage 1212. 
[0+#?012Z] An opening 1232 provided in the barrier diffusion 1230 is 

covered by a window 1233 to transmit the laser light (transmission window). It is 
preferable that the transmission window is made of the material that is hard to absorb 
the laser light. For example the quarts or the like is appropriate. A gasket 1236 is 
provided between the transmission window 1233 and the barrier diffusion 1230. The 
gasket 1236 can prevent the atmosphere from entering the laser irradiation chamber 
from the interspace between the transmission window 1233 and the barrier diffusion 
1230. 

[Q+&&01981 Initially, the substrate 1203 with the semiconductor film 

formed thereon is transferred. After the gate 1210 is closed, the laser irradiation 
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chamber 1206 is kept with the atmosphere of the noble gas by using the evacuation 
system 1231 and the noble gas supplying system 1250. 

[(H-8901991 The beam spot of the first laser light oscillated from a laser 

oscillator 1213a is shaped through an optical system 1214a and the substrate 1203 is 
irradiated with the shaped beam spot. In addition, the beam spot of the second laser 
light oscillated from a laser oscillator 1213b is shaped through an optical system 1214b 
and the substrate 1 203 is irradiated with the shaped beam spot. The incidence angle Qfi 
is preferably set to more than 0-°, more preferably between 5 2 ° and 30^°, in order to 
prevent the return light and to perform the uniform irradiation. 

KH-9Q02001 A reference numeral 1252 denotes the magnetic pole of the 

magnetic circuit, which applies the magnetic field to the semiconductor film formed 
over the substrate 1203. It is noted that although the magnetic field is applied from the 
side of the substrate 1203 irradiated with the laser light, the present invention is not 
limited to this. The magnetic field may be applied from the side of the substrate 1203 
opposite to the side thereof irradiated with the laser light by incorporating the magnetic 
pole 1252 into the stage 1212. 

[0^94 -02011 It is noted that the laser irradiation chamber 1206 shown in 

FIG. 9 may be one chamber included in the multi-chambers. When the chamber for 
doping the noble gas element to the semiconductor film is provided so that a series of 
the processes from doping the noble gas element up to crystallizing with the laser light 
are performed in the multi-chamber without exposing it to the air, it is possible to 
prevent the impurities from mixing into the semiconductor film more effectively. 
[0493fl2fl2] It is noted that when the laser irradiation apparatus is 

employed for crystallizing the semiconductor film, it is possible to make the 
crystallinity of the semiconductor film more uniform. The method for manufacturing 
the semiconductor device in the present invention can be applied to manufacture the 
integrated circuit and the semiconductor display device. Particularly, when the present 
invention is applied to the semiconductor element such as the transistor provided in the 
pixel portion of the semiconductor display device such as the liquid crystal display 
device, the light-emitting device having the light-emitting element typified by the 
organic light-emitting element equipped in each pixel, DMD (Digital Micromirror 
Device), PDP (Plasma Display Panel), or FED (Field Emission Display), it is possible to 
prevent the horizontal stripes from being visible due to the energy distribution of the 
laser light irradiated to the pixel portion thereof. 

EMBODIMENTS 

rEmbodimcnt1 0203L Hereinafter the embodiment of the present invention is 

explained. 

[019 4 ] 

^Embodiment 1 

102041 A structure of the pixel in the light-emitting device, one of the 

semiconductor devices formed using the laser irradiation apparatus of the present 
invention, is explained with reference to FIG. 10. 

104-9 502051 In FIG. 10, a base film 6001 is formed over a substrate 6000 

and a transistor 6002 is formed over the base film 6001. The transistor 6002 has an 
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active layer 6003, a gate electrode 6005, and a gate insulating film 6004 sandwiched 
between the active layer 6003 and the gate electrode 6005. 

[0196 02061 A polycrystalline semiconductor film crystallized using the 

laser irradiation apparatus of the present invention is used as the active layer 6003. It is 
noted that not only silicon but also silicon germanium may be employed as the active 
layer. When the silicon germanium is employed, it is preferable that the concentration 
of germanium is in the range of 0.01 atomic% to 4.5 atomic%. Alternatively silicon 
with carbon nitride added may be also employed. 

[Qj-97 02071 Silicon oxide, silicon nitride, or silicon oxynitride can be 

employed as the gate insulating film 6004. Alternatively, a film in which these are 
laminated, for example a film in which SiN is laminated on Si02 may be employed as 
the gate insulating film. The Si0 2 film was formed with the plasma-CVD method 
mixing TEOS (Tetraethyl Orthosilicate) and O2, at a reaction pressure of 40 Pa, with a 
substrate temperature ranging from 300t° to 400r°, by discharging at a high frequency 
(13.56 MHz) with an electric density ranging from 0.5 W/cm 2 to 0.8 W/cm 2 . Thus 
manufactured silicon oxide film obtains good characteristic as the gate insulating film 
by performing the thermal annealing at a temperature ranging from 400r° to 500r° 
thereafter. Aluminum nitride can be used as the gate insulating film. The aluminum 
nitride is comparatively high in heat conductivity, and thereby the heat generated in TFT 
can be diffused effectively. Moreover, a film in which the aluminum nitride is 
laminated on the silicon oxide, silicon oxynitride, or the like not including aluminum 
may be used as the gate insulating film. Furthermore, SiC>2 formed with RF sputtering 
method using Si as a target may be employed as the gate insulating film. 
[94-980208] The gate electrode 6005 is formed of the element selected 

from the group consisting of Ta, W, Ti, Mo, Al, and Cu, or is formed of a compound 
material or of an alloy material including the above element as its main component. 
Alternatively a semiconductor film, typically a polycrystalline silicon film doped with 
the impurities such as phosphorous, may be employed. In addition, the gate electrode 
6005 may be formed of not only the conductive film of a single layer, but also the 
conductive films with a plurality of layers laminated. 

[Of99 0209 1 For example, it is preferable that these conductive films have 

a structure in which the first conductive film is formed of a tantalum nitride (TaN) and 
the second conductive film is formed of W, a structure in which the first conductive film 
is formed of a tantalum nitride (TaN) and the second conductive film is formed of Ti, a 
structure in which the first conductive film is formed of tantalum nitride (TaN) and the 
second conductive film is formed of Al, or a structure in which the first conductive film 
is formed of tantalum nitride (TaN) and the second conductive film is formed of Cu. 
Moreover, the semiconductor film, typically the polycrystalline silicon film doped with 
the impurities such as phosphorous, or AgPdCu alloy may be employed as the first and 
the second conductive films. 

[02Q9 fl21fll The conductive film may be formed not only in two-layers 

structure, but also in three-layers structure in which for example a tungsten film, an 
alloy film of aluminum and silicon (Al-Si), and a titanium nitride film are laminated in 
order. When the conductive film is formed in three-layers structure, tungsten nitride 
may be employed instead of the tungsten, an alloy film of aluminum and titanium (Al- 
Ti) may be employed instead of the alloy film of aluminum and silicon (Al-Si), and a 
titanium film may be employed instead of the titanium nitride film. It is important to 
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select the optimum etching method and the optimum kind of etchant appropriately 
according to the material of the conductive film. 

The transistor 6004 is covered with a first interlayer 
insulating film 6006 on which a second interlayer insulating film 6007 and a third 
interlayer insulating film 6008 are laminated. The first interlayer insulating film 6006 
can be formed of a silicon oxide film, a silicon nitride film, or a silicon oxynitride film 
in single layer or in laminated layer with the plasma-CVD method or the sputtering 
method. The first interlayer insulating film 6006 may be also formed of a film in which 
the silicon oxynitride film including more oxygen than nitrogen in mole fraction is 
formed on the silicon nitride oxide film including more nitrogen than oxygen in mole 
fraction. When the heating process (heating process at a temperature ranging from 300t° 
to 550r° for 1 hour to 12 hours) is performed after forming the first interlayer insulating 
film 6006, it is possible to terminate (hydrogenation) the dangling bond of the 
semiconductor included in the active layer 6003 by hydrogen included in the first 
interlayer insulating film 6006. 

[0202A212] The second interlayer insulating film 6007 may be formed of 

an organic resin film, an inorganic insulating film, an insulating film including Si-CH X 
bond and Si-O bond made as the starting material from the siloxane-based material or 
the like. In this embodiment, non-photosensitive acrylic is used. The third interlayer 
insulating film 6008 is formed of a film which is harder to transmit the material causing 
to promote deterioration of the light-emitting element such as moisture, oxygen, and the 
like compared with the other insulating films. It is preferable to use typically a DLC 
film, a carbon nitride film, a silicon nitride film formed with the RF sputtering method, 
or the like. 

[030^ 02131 In FIG. 10, a reference numeral 6010 denotes an anode, a 

reference numeral 6011 denotes an electroluminescent layer, a reference numeral 6012 
denotes a cathode, and the part in which the anode 6010, the electroluminescent layer 
6011, and the cathode 6012 are overlapped corresponds to a light-emitting element 
6013. One of the transistors 6002 is a driver transistor for controlling the current 
supplied to the light-emitting element 6013 and thereby it is connected directly or 
serially through the other circuit elements to the light-emitting element 6013. 
f 0204^02 14] The electroluminescent layer 6011 has a structure of a single light- 
emitting layer or has a structure with a plurality of layers including the light-emitting 
layer laminated. 

[02050215] The anode 6010 is formed on the third interlayer insulating 

film 6008. An organic resin film 6014 is formed as the barrier diffusion on the third 
interlayer insulating film 6008. The organic resin film 6014 has an opening 6015 and 
the light-emitting element 6013 is formed by overlapping the anode 6010, the 
electroluminescent layer 6011, and the cathode 6012 in the opening. 
[0206 02161 And a passivation film 6016 is formed on the organic resin 

film 6014 and the cathode 6012. As well as the third interlayer insulating film 6008, the 
passivation film 6016 is formed of the film which is harder to transmit the material 
causing to promote deterioration of the light-emitting element such as moisture and 
oxygen, for example a DLC film, a carbon nitride film, a silicon nitride film formed by 
the RF sputtering method, or the like. It is also possible to form the passivation film by 
laminating the film that is hard to transmit moisture, oxygen, and the like described 
above and a film which is easier to transmit moisture, oxygen, and the like compared 
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with the above film. 

[Q20? 02171 In addition, the organic resin film 6014 is heated in the 

vacuum atmosphere in order to remove the moisture, oxygen, and the like stuck thereto 
before the electroluminescent layer 6011 is formed. Specifically, the heating process is 
performed in the vacuum atmosphere at a temperature ranging from 100r° to 200r° for 
0.5 hours to 1 hour. It is desirable that the pressure is set to 3 x 10" 7 Torr or less, and it 
is the most desirable that the pressure is set to 3 x 10' 8 Torr or less if possible. When the 
electroluminescent layer is formed after the heating process is performed to the organic 
resin film in the vacuum atmosphere, it is possible to enhance reliability by keeping it in 
the vacuum atmosphere until just before forming the electroluminescent layer. 
[O208ft21&] In addition, it is desirable that the end of the opening 6015 in 

the organic resin film 6014 is made into a round shape so that the end portion of the 
electroluminescent element layer 6011 formed so as to partially overlap on the organic 
resin film 6014 does not have a hole. To be more specific, it is desirable that the radius 
of curvature of the curve line drawn by the sectional surface of the organic resin film in 
the opening is in the range of 0.2 pmjum to 2 pmfjm. 

[0209 ^02191 With the above structure, the coverage of the electroluminescent layer and 
the cathode that are formed later can be enhanced, and thereby it is possible to prevent 
the anode 6010 and the cathode 6012 from shorting out in the hole formed in the 
electroluminescent layer 6011. Moreover, by relaxing the stress of the 
electroluminescent layer 6011, the defect in which the light-emitting region decreases, 
what is called shrink, can be reduced to enhance the reliability. 

[0240 ^0220] In addition, FIG. 1 0 shows an example in which a positive photosensitive 
acrylic resin is used as the organic resin film 6014. The photosensitive organic resin is 
classified into the positive type in which the region exposed with the energy line such as 
beam, electron, ion, or the like is removed, and the negative type in which the exposed 
region is not removed. In the present invention, the organic resin film of the negative 
type may be also used. Moreover, the organic resin film 6014 may be formed of the 
photosensitive polyimide. When the organic resin film 6014 is formed of the acrylic of 
the negative type, the end section in the opening 6015 becomes an S character-like 
cross-sectional shape. On this occasion, it is desirable that the radius of the curvature in 
the upper end and the lower end of the opening is in the range of 0.2 pmjjm to 2 j*m^m. 
[02+441211] The anode 6010 can be formed of the transparent conductive 

film. Not only ITO, but also the transparent conductive film in which indium oxide is 
mixed with tin oxide (ZnO) by 2% to 20% may be used. In FIG. 1 0, ITO is used as the 
anode 6010. The anode 6010 may be polished by CMP method or by cleaning 
(bellcleaning) with porous body of polyvinyl alcohols so that the surface of the anode 
6010 is made flat. Furthermore, the surface of the anode 6010 may be irradiated with 
the ultraviolet ray or may be processed with oxygen plasma after polishing it with the 
CMP method. 

[024402211 The cathode 6012 can be formed of the other known material 

when it is the conductive film having low work function. For example, Ca, Al, CaF, 
MgAg, AlLi, or the like is desirable. 

[024- ^02231 It is noted that FIG. 10 shows the structure in which the light emitted from 
the light-emitting element is irradiated to the side of the substrate 6000. However, the 
structure in which the light is irradiated to the side opposite to the substrate may be also 
employed. 
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[82+4402241 In addition, although the transistor 6002 is connected to the anode 6010 of 
the light-emitting element in FIG. 10, the present invention is not limited to this 
structure, and the transistor 6002 may be connected to the cathode 6012 of the light- 
emitting element. In this case, the cathode is formed on the third interlayer insulating 
film 6008 using TiN or the like. 

[02+^fi225] In fact, after the state shown in FIG. 10 is obtained, it is 

preferable to pack (enclose) with the passivation film (laminated film, ultraviolet cured 
resin film, or the like) or transparent cover member, which is highly airtight and hardly 
degassing in order not to be exposed to air. The reliability of OLED is enhanced when 
the inside of the cover member is filled with the inert atmosphere or the material having 
moisture-absorption characteristic (barium oxide, for example) is set in the cover 
member. 

[0216 02261 It is noted that the light-emitting device of the present 

invention is not limited to the manufacturing process described above. Moreover, the 
semiconductor device in the present invention is not limited to the light-emitting device. 
[0217] 

[ Embodiment 2 

10227] This embodiment explains a shape of the first beam spot obtained by 

combining a plurality of the first laser light shown in FIG. 4(B). It is noted that the first 
beam spot is referred to as a beam spot simply in this embodiment. 

FIG. 1 1 (A) shows an example of the shape of the beam spot 
of the laser light oscillated from each of a plurality of laser oscillators on a processed 
object. The beam spot shown in FIG. 11(A) is elliptical in shape. It is noted that the 
shape of the beam spot of the laser light oscillated from the laser oscillator is not limited 
to elliptical in the present invention. The shape of the beam spot depends on the kind of 
the laser, and the shape thereof can be changed through an optical system. For example, 
the laser light emitted from the excimer laser L3308 manufactured by Lambda Physik, 
Inc. (wavelength 308 nm, pulse with 30 ns) is rectangular in shape having a size of 10 
mm x 30 mm (both are width at half maximum in a beam profile). On the other hand, 
the laser light emitted from a YAG laser having a cylindrical rod is circular in shape. 
The laser light emitted from a YAG laser having a slab rod is rectangular in shape. 
These laser light can be also changed into the laser light having a desired size by further 
shaping them through the optical system. 

f024^02291 FIG. 1 1(B) shows energy density distribution of the laser light 

in Y direction of a major axis of the beam spot shown in FIG. 11(A). The beam spot 
shown in FIG. 1 1(A) corresponds to the region satisfying the energy density that is 1/e 2 
of the peak value of the energy density in FIG. 1 1(B). The energy density distribution of 
the laser light whose beam spot is elliptical becomes higher toward the center O of the 
ellipse. 

[O330fl23fll Next, FIG. 11(C) shows the shape of the beam spots when the 

laser light having the beam spot shown in FIG. 1 1 (A) is combined. It is noted that FIG. 
1 1(C) shows the case in which four beam spots of the laser light are overlapped to form 
one linear beam spot but the number of the overlapped beam spots is not limited to this. 
[023+0231] As shown in FIG. 11(C), the beam spots of the laser light are 

combined to form one beam spot in such a way that the major axis of each ellipse is 
corresponded and the beam spots are overlapped partially one another. It is noted that 
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the straight line obtained by connecting the center O of each ellipse is defined as the 
center axis of the beam spot. 

[0222fl222] FIG. 11(D) shows the energy density distribution of the laser 

light in y direction of the center axis of the beam spots after being combined shown in 
FIG. 11(D). It is noted that the beam spot shown in FIG. 11(C) corresponds to the 
region satisfying the energy density that is 1/e 2 of the peak value of the energy density in 
FIG. 11(B). The energy density is added in the portion in which each beam spot before 
being combined is overlapped. For example, when the energy density El and the 
energy density E2 of the overlapped beam as shown diagrammatically are added, the 
added value is almost equal to the peak value E3 of the energy density of the beam. 
Thus the energy density is made flat between the centers O of the respective ellipse. 
[0223MM] ^ is ideal for the value added with El and E2 to be equal to 

E3. In fact, however, they are not always equal. It is possible for a designer to 
determine the margin of the gap between the value added with El and E2, and the value 
E3 appropriately. 

[Q224 02341 As shown in FIG. 11(A), when the beam spot is employed 

singularly, it is difficult to irradiate the semiconductor film or the whole part to become 
the island that contacts the flat portion of the insulating film with the laser light having 
homogeneous energy density since the beam spot has Gaussian energy distribution. 
FIG. 11(D) indicates, however, that it is possible to enhance the crystallinity of the 
semiconductor film effectively because the region having homogeneous energy density 
is more enlarged by employing a plurality of laser light overlapped so as to compensate 
the part having low energy density each other than employing the laser light singularly 
not being overlapped with a plurality of laser light. 

[033^MM] It is possible to perform the structure of this embodiment in 

combination with the embodiment 1 . 

[0226] 

[Advantageous Effect of the Invention] 
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WHAT IS CLAIMED IS: 

1 . A method for manufa cturing a semicond uctor device comprising the steps of: 

swfa.cje.wand 

i m.diatijQgJB^ w ith the 

first noble gas in an atmosphere of second noble gas, 
wheie^ 
vyJtodnjh^ 

w herein a magnetic field is a p plied to tKe^einicoi iductor fil m added widi the 
first noble gas when the first and the seco nd las er light are irradiated. 

2. A method for manufacturing a s emiconductor device c omprising the steps of: 

irradiating^ wave lase rJighQo^ 

fiim„add^ 

w herein th eJimJ^asmiJightJiag- a waveleng tiii^J^mimii..^ 

wherein the second laser li ghL ba s a wavelength of a fundamental wave, and 

wherein a ma^n^ 

firsiiioM 

thej>(^^^ 

3. ^A^ethojAlor„maim 

ad.ding_tlrs^ semimnductor fi 

i rradiating first and second continuous wave laser light to the semiconductor 

j^iendn^^ 
Aer.elnJlie„sjemn 

wher ein a magnetic f ield is applied to t he s e miconductor film ad ded with the 
firs£jiobk_ g a 
tlie,fir^ 

4. A method for manufacturing a semiconductor device comprising the steps of: 
^addingj^ 



sutfacel^^ 

iixadia^ 

film adde d with the first noble gas in an atmosphere of second noble gas. 
wjiexe,u^ 
wheminJlxe^ec^ 

wiLereiii^a^ with the 

first noble gas in a direction which is paral lel to the semiconductor film and which is 
p_eipje.nd^ 
las£rJjgliLa^ 

5. A method for manufacturing a semiconductor device according to Claim 1 . 

w herein theJjrs,t.andJhe_s.e^^ 
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6. AjiiieJl^ 
ClaimsJLto_4 a 

wherein the JfocstJ^^ waveleng tjbLoL^^ 

7. Ajcggjto 
CMmsJLtoJL 

wherjdn^aJie^^^ of the fir sLJ^eiJi g ht is c^mp leJ^_Q^erlapp with a 
beam spot of the second laser light. 

ClaimsJJoA 

wherein the noble gas is He, Ne. Ar t Kr T or Xe. 

_Aj&sthod^^ 
USLtL 

therein a concentration of the noble gas is in the range of 1 x 10 18 at oms/cm*' 

10. Ajmettacid^ 
Claims 1 to 4. 

Ml<manj^ 

toJLQQQQ-a 

11. A laser irradiation apparatus comprising: 
first 

aJ5mt_o^^ 

a second optical system for converging second laser light oscillated from the 
sg^nd_k^rj^^cjllat^r. 

a„chamb^ 
laser light. 

means for supplying gas into the chamber. 
ajstage ^ 

w herein the first laser light has a wavelength of a harmonic, and 
xyJier^^ a wavelength of aJujidamentaljyvaALe,. 

1 2. A laser irra dkfi&ii_app aratus according to Claim 1 1 . 

whe rein the first and the second lase r oscillators are continuous wave laser 
oscillatQrs, 

wherein the first laser light has a wavelength of a second harmonic. 
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14. A laser in-a dja.ti4m_apaaxat^ 
first and second laser oscillators. 
aj:jdincfctca^ 

a c yliiiddcjdJL^ 
the second laser oscillator 

a jdmmbj^XJ^^ 
ksjerJight, 

a jLabl£j g as supplyi raLSYSlsm 

an evacuating system in the chamber. 

aj&aj^eJG^^ 

a,majroeii^^ 

w herein the first laser light has a wavelength of a harmonic, and 

wJiexd^ 

15. A 1 aser i raidyi^^ 

wherein the first and the second laser oscillators are contin uous wave laser 

QSLcillator.su 

16. AlasejLim Claim 14 oxJUi. 
wherein th e first lase r li ght has a wavelength of a sec ond ha ymon^ 

17. Ajnelh^ 
Claims 1 to 4, 

wherein a beam spot of the first laser light and a beam spot o f the secon d laser 
liEhLai^vMapped. 

18. A method for^ manufa.^ 
Claims 1 to 4. 

Mierdn A 

19. A method for manufacturin g a semicond uctor device comprising the step of 
kradiatm^ 

surfac^^ 

wJbLexei^^ 

w herein th e second la ser li ght h as a wavelength of a fundamental wave, and 
whsrje^ 
fitstjioM 

20. A method for manufacturing a semicondu ctor device comprising the step of 
iiradiati^ 

oj/eii,anJns.uMm^ 
gas.. 

wherein the first laser light has a wavelength of a harmonic. 
wJTerejiUhs_smoiidJas^ wave, and 
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whexdn^ma mei^^ film added with the 

first noble gas in a direction perpendicular to the semiconductor film when the first and 

the_s_e£m 

2 1 . Ajci^.hQdJ^ 

irradiating first and second continuous wave laser light to a semiconductor film formed 

mie^ 
gas., 

wfasreinJfae first laser light has ^j^veleji g th of aJia rmonic, 

wherein the second laser light has a wavelength of a fundamental wave T and 

whexejqja^ 

fimUioMe.gasJ^^ when 

22. A. m£th^^ 

uxadiating^^^ wave la sgjjjj^ 

wh^min-te 

wherein a magnj£t^ 

first noble gas m a direction w hich is parallel to the semiconductor film and which is 
pjeipend^ 

laser JighLareJxxadiatfed, 

23. A method for manufacturing a semicondu ctor device accordi ng to Claim 19. 
wheminihj^fim^ 

lasmii^ilM 

24. A method for manufacturing a semiconductor device accord ing to any one of 

QaimsJU9jtjQL22 % 

wherein^ 

25. A metho d for manufacturin g a semiconductor device according to anv one of 

CJaimsJJ9Lta.22, 

whemin ^ 

26. AjQl£^ 

wh exdji-thejrioblej r as is H e, TSte, A.r t Kr. or Xe, 

27. AjngthojQ^ 
CJaimsJL£io„22, 

ydxexein^^ 0 1 8 atoms/cm 3 

to 1 x 1Q 21 atoms/cm 3 , 
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28. AjnosihM to any one of 
Claims 19 to 22, 

XoAS)DOSLQ, 

29. A method for manufacturing a semiconductor device according to aiw one of 
ClaimsJ^.tQ_22> 

30. AjnethojdJFo^ 
CMxmJSLia22. 

the second laser light. 
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ABSTRACT OF THE DISCLOSURE 
According to the present invention, oxygen and nitrogen are effectively 
prevented from mixing into the semiconductor film by doping Ar or the like in the 
semiconductor film in advance, and by irradiating the laser light in the atmosphere of Ar 
or the like. Therefore, the variation of the impurity concentration due to the fluctuation 
of the energy density can be suppressed and the variation of the mobility of the 
semiconductor film can be also suppressed. Moreover, in TFT formed with the 
semiconductor film, the variation of the on-current in addition to the mobility can be 
also suppressed. 
[0227] 

Moreover, as described in patent document 1 , empirically when the laser light 
is irradiated in the atmosphere including oxygen, the surface of the semiconductor film 
becomes rough. When the laser light is irradiated in the atmosphere of Ar or the like, 
however, the surface of the semiconductor film can be prevented from being rough, and 
the variation of the threshold due to the variation of the interface state density can be 
suppressed. 
[0228] 

In addition, it becomes possible to suppress the segregation of the impurities 

due to the flow by applying the magnetic field to the semiconductor film when 
irradiating the laser light. When the magnetic field is further applied, the viscosity of 
the semiconductor film increases so that the impurities arc prevented from mixing into 
the semiconductor film. As a result, the variation of the mobility and the on - current can 
be suppressed. 

[0229] Furthermore, in the present invention, the first laser light converted into the 
harmonic easily absorbed in the semiconductor film is irradiated to melt the 
semiconductor film and to increase the absorption coefficient of the fundamental wave. 
When the second laser light having the fundamental wave i3 irradiated to the 
semiconductor film in such a state, the second laser light is absorbed effectively in the 
semiconductor film where the absorption coefficient of the fundamental wave is 
increased. Thus the throughput of the laser crystallization can be enhanced. 

[Brief Description of Drawings] 

[FIG. 1] drawings to show the relation between the direction of the magnetic line of 
force and the scanning direction of the beam spot and the substrate in the laser 
irradiation apparatus of the present invention. 

[FIG. 2] drawings to show the relation between the direction of the magnetic line of 
force and the scanning direction of the beam 3pot and the substrate in the laser 
irradiation apparatus of the present invention. 

[FIG. 3] drawings to show the relation between the direction of the magnetic line of 
force and the scanning direction of the beam 3pot and the substrate in the laser 
irradiation apparatus of the present invention. 

[FIG. 4 ] drawings to 3how the structure of the optical system in the laser irradiation 
apparatus of the present invention. 

[FIG. 5] a drawing to show the structure of the optical system in the laser irradiation 
apparatus of the present invention. 
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[FIG. 6] drawings to 3how the method for manufacturing a semiconductor device. 
[FIG. 7] drawings to 3how the method for manufacturing a semiconductor device. 
[FIG. 8] drawings to show the method for manufacturing a semiconductor device. 
[FIG. 9] a drawing to 3how the structure of the laser irradiation apparatus having a load 
lock system chamber. 

[FIG. 10] a cros3 - scctional view of the light - emitting device manufactured with the laser 
irradiation apparatus of the present invention. 

[FIG. 11] drawings to show energy density distribution of the beam spot. 
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